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Stress relieving a piping weld in the shop 








A OA BAGO BLU 8 asda 
WILL FIND THIS BULLETIN INTERESTING 























Bulletin 38-B illustrates and describes a design of backing ring that has 
proved very satisfactory for high pressure pipe welds made in the field. 








This backing ring is the result of several years’ research in high pressure 
welded connections and has been confirmed by numerous joint destruction 


tests as well as by successful use under difficult field conditions. 


This bulletin will gladly be sent to anyone interested who requests it upon a 
business letterhead. Simply mention Bulletin 38-B and address the main 





office at St. Louis. 


MIDWEST PIPING & SUPPLY COMPANY, INc. 
1450 SO. SECOND STREET + ST. LOUIS, MO., U.S.A. 


Plants: St. Lovis, Passaic (N. J.) and Los Angeles ¢ Sales Offices: Chicago—946 Marquette Building * Houston—1716 Second National 


Benk Building * Los Angeles—520 Anderson Street * New York—(Eastern Division) 30 Church Street ¢ Tulsa—533 Mayo Building 
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B Drug chains led in an 


last year, 


tallations according to a 


vey of air conditioning prospects in 
chain store field recently comple ted 


lye 


n drug stores were alt 


Chain Store 5.9 per cent of the 


conditioned, 


ging the total with air conditioning 


to 26.7 cent of all chain drue 


pet 


es \pparel stores 


were See 


5.1 per cent being air condjtioned 
to bring the total up to 23.8 per cent 
Restaurant chains were third, with 4.2 

cent conditioned in 1938, and with 
, total of 18.6 per cent Shoe chains 
ditioned 1.6 per cent of their stores, 
king their total 12.5 per cent 
Of the major fields in which mass dis 
ibution operates, this leaves variety 
ind department stores. While the first 
of these conditioned only 1.5 per cent 
i their stores in 1938, making the total 
per cent, they spent the largest sum 
the work—$1,010,700—according to 
the survey In all fields, the chains 
onditioned 1.4 per cent of their stores 


last vear to Dring the total cor ditioned 


per cent 


@ The valve 


industry 


indispensa rhe to moder 


and modern civilization—is to 


receive tribute at the Museum of Sci 
ence and Industry, Jackson Park, Chi 
. wo. Representing all valves from the 
nies pigots to gigantic siuice gates 
will he a 17 ton i2 valve tie gitt 
f Crane Co. to the museur 
Water from streams, lakes ceans ind 
iys all over the world will play a rol 
a dedication ceremony in which Dr 
lip Fox, director of the museum 
1 Charles B Nolte, Crane's pres 


symbolize the control exercised by 

es ‘ nd 1 ‘ t 
, is i vascs W { evet 
\ ive ree put tw? thre a \ ‘ ! 
8 Some day—perhaps 20 years from 
toda man will not only live in an al 
tioned cycle, but his life span will 


reased by the healthful living cor 


brought about by air condition 


conditioned 


He 


eat in an 


will live in an ait 


air conditioned restau 


be amused in an 


air conditioned 


ide to work in air conditioned 
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onditioned car, and work in an 
nditioned otmnce Ly Willis H 


r, at the dedication of the ¢ 


New 
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York 


ig ot Tomorrow” at the 
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mer Co., and \W 


meeting 
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B. Hen 
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B® Factory 
stokers 


sales ot mechanical 


tor the first 


quarter of 1%5% 


creased 13.4 per cent over the same 


period last 


released by the 


year according to a Trew | 


Department of Ci 
| 


merce based t 


furnisl 





on data ed by 10 
manutacturers tor 1939 and 112 nu 
lacturers tor 1938, the Cor ittec 
len points out (he total sales of 
sizes and types of stokers the first — 
three months otf this vear were 998 
units compared with 8807 in 1938 ute 
Kleven of the manufacturers ort — : ‘ 
in BLS te have disc mitit ed aki i cure ' : 
stokers am oO 8 Y 
ite cho) 
Aoore 
@ It was announced on this page last ote rad 
month that publication of a series of ' . : 
k 4 i s i i i 
tables of the psychrometri properti ‘ t ; te 
of air tor various barometric pressures ' ot ' ‘ ( ‘ 
compiled by William Goodman, would : ; 7 
‘ ‘ ‘ 
start in this issue Space limitations “4 . ; 
ind the requirements of our editorial : . 7 
‘ cl hee ‘ 
, : 


necessitated 


malance, nowever, nave l 


rostponement % this material 
3 , @ James W. 
Che tables will give the properties ot i o. 


alee 


Follin, 


barometri 


rer ippointed ana 
exceptions, they are arrange nd the Producers ( 
and used in the same inner as those flice Ni York ( 
tor nor i ba Oo etre pressure pub 
: ‘ { { 

' 
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The stear bubbles can be see torn s ears As e> +} it ‘ 
ne 1! the boiler il d bubbling u \ r 1 Inst ty \ t 
through the water to the steam cha oster a ‘ , P 
ber So that the side it the boiler elationship 
vill remain untarnished and its appea 


17 
ance will be @ President Mathis oi N 


vision, the exhibition model was esp 


Association of Fan Manufacturer ’ 
cially built of mone etal throughout nounced last month the { 
including the tubes Kewanee ‘ttee appointment ‘ 
Boiler Corp. has announced a $90,000 ear: Bylaws and ruk tes 
expansion program tor installation ot M. Birkenstock: credit ttee H 
equipment to manufacture gh pres S. Whiting engineer o 
sure welded boilers I was reportes {; ~ Polk finat ; \\ 
last month (;ardner egislati ttes | | 

é " iembe col tte« | 

@ Contracts have been let by Battell: Szekel ublicity c tte: M 
Memorial Institute, Columbus, Ol ink; standards ttee, F. Her 
for construction of a new laboratory to il Statistica ommiuttec I ‘ i 
take care of the expanding volume ot trade relations co ttee, J. E. 7 { 
research, according to Director Clyde transport t n committee. ©. | 


E. Williams 


are 


American industrialists Coblentz NAFM_representativ« 


becoming increasingly researc! N] 


minded, he savs, and the nations ta {) 
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CORROSION COSTS 
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Modern buildings must be designed with 
an eye to economics as well as mechanics. 
Selection of materials for maximum life as 
well as for strength is highly important. 
Mundie, Jensen, Bourke and Havens, archi- 
tects on the new Kraft Building in Chicago, 
followed this principle in selecting materials 
to meet the severe corrosive conditions en- 
countered in chilled water lines, brine lines, 
steam returns and concealed hot and cold 
water lines. Byers Wrought Iron was used 















YOU MORE THAN WROUGHT IR‘ 


Mundie, Jensen, Bourke & Havens, 
Architects & Engineers. 






BYERS WROUGHT IRON 


outlining the problem, our Engineering Serv- 
ice Department will determine the probable 
specific corrosion condition involved; relate 
this to similar conditions encountered else- 
where, and recorded in the thousands of case 
histories in our files; interpret the results in 
terms of experience gained in 75 years’ 
intimate contact with corrosion problems; and 
make recommendations . . . supported by 
service records. There is no cost or obligation. 
Ask, too, for a complimentary copy of our 


¥ 































. . . because experience shows that corrosion bulletin, ‘Wrought Iron for Piping Systems.” : 
costs more than wrought iron. In another A. M. Byers Company, Pittsburgh, Pa. cal 
building designed by these architects, Byers Established 1864. Boston, New York, Phila- olen 
pipe is still in daily use after 45 years’ service. delphia, Washington, Chicago, St. Louis, Vv. J. 
The variety of corrosive conditions you too Houston, Seattle, San Francisco. = 
may encounter, and the multitude of materials — 
available, make the problem of proper selec- Term 
tion a highly technical one. We will gladly Cleve 
work with you in solving it. If you will write, B VY E R S re 
GENUINE a 
posses 
Specify Byers onan png | ey ag aor W R O 18) G H T I R O N lade 
corrosive services an yers Stee ipe for . 
your other reyuisemente. Tubular and Flat Rolled Products ne 
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Where Heat Must Not Fail-— 





Install this SAFE Heating Pump! 





In Hospitals, Greenhouses, Schools, Public 
Buildings, Theatres, wherever heating sys- 
tems must not fail, install the Nash Vapor 
Turbine, for it is entirely independent of 
electric current failure, and continues to 
operate as long as there is steam in the 
system. 


More than that, the Vapor Turbine is a 
most economical pump, for the elimination 
of electric current does away with current 
cost, the largest single item in the operation 
of an ordinary return line heating pump. 


Greater savings still are effected by the 
Vapor Turbine in the system, for the reason 
that this pump operates continuously. |t is 
the only pump that can do this with econ- 
omy. Continuous operation means uniform 
circulation, and uniform circulation saves 
steam. 


The Nash Vapor Turbine has but one mov- 
ing part, rotating in the casing without 
metallic contact, and requiring no interna! 
lubrication. Quiet, compact, and trouble- 
proof. Bulletin A-290 is free on request. 


THE NASH ENGINEERING COMPANY 


SOUTH NORWALK, CONNECTICUT, U.S.A. 
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Model of the new Buhl Planetarium and Institute of Popular Science 


Heating and Air Conditioning 
Pittsburgh’s Buhl Planetarium 


By George S. McEllrov* and Theodore F. Rockwell* 





HE Buhl Planetarium and Institute of Popular The planetarium chamber ll be use 
Science, now nearing completion in Pittsburgh, lectures on and demonstrations tl 
is the fifth such structure in the United States, hemispherical steel sheet ceiling will serve as a scre 
ere being planetaria in Chicago, Los Angeles, Phila upon which the “stars and planets” wi Ye project 
lelphia, and New York. The picture of the model ot from the planetarium instrument situat 
e building shows its general shape and the /0 ft dia of the roon Semi-permanent exhibits de 
— dome which forms the ceiling of the planetarium the fundamentals of physics and astronomy will b 
Nor or 3 te > . ;: , ‘ - e , > architec ‘ } + +) 
hamber Phe building has a total volume (architec placed in the galleries on the main floor e Wer ‘ 
a ae ee : 2 ie de ee 7E DO) on ft : : ; ;, 
iral cube ) of 1,036,000 cu tt, ot which 675,220 cu tt ground floor galleries has not yet been definit 
represe are ‘ > —— “arte ape | : . - ‘ 
cn ents internal usable public and private space.’ In mined, but they probably will be used from time t 
dition to the planetarium chamber, the public space to d ete of local tmduett em 
, ee : to display products of local industries e le ( 
ncludes two exhibition galleries and a lecture room on ae 
‘ . oa 1S provided with a permanent scree! 1 cf pice 
he first floor, three exhibition rooms and amateur work ; Op Oe ms : 
} jection room, and a well fitted tecture and emonstra 
s on the ground floor, and a telescope room on the ; > ry oof 
' on - - . . tion table, and will be availa We to scien ic and tec ( 
ird floor. The front wall of the telescope room 1s just , , ty aioe 
: ’ . . - organizations and tor tectures Of popular interes ! 
visible over the front parapet wall in the picture of the nt i : 
lel the telescc ype room tere wll wv 1 IU Ww elescope W ‘ 
the public may use to study the stars and plan 
iting Engineer Because of space limitations, the telescope barrel will be 
mined from inside dimensions of rooms 
45 
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fixed in a horizontal position and a mirror will be used 
to reflect the sky. A portion of the roof is designed so 
that it may be rolled back to expose the mirror. 
Slightly less than a tenth of the finished floor area and 
a tenth of the usable internal volume has been taken up 
by mechanical and electrical equipment? common to 
public buildings of this type. Special services peculiar 
to this building account for another tenth of the floor 
area. 
Factors Influencing Heating Design 


The important factors influencing the design of the 
heating and cooling system were, briefly, the following: 
(1) The building has no windows except a few in offices 
and shops. (2) The heavy load 
hearing masonry walls. (3) 
The intended use of various 
spaces—exhibition, astronom- 
ical demonstration, lectures, 





of air supplied produces a low temperature at the 
grilles, as shown in Table 3. 
heating surface is required to attain this final te: 
ture. To provide flexibility in temperature contr 
single row reheating coils were used, an additio: 
finement being the use of two steam control va! 
parallel for each row of tubes. 

Several factors influenced the decision to instal! 
air conditioner for the office floor 
ception room have no windows; 
tered air; and the peculiar location of the offices, 
will probably make gravity ventilation ineffective i: 
mer. In winter, radiant front convectors under « 
of individual room thermostats will handle heati: 

quirements. The cond 


the cleanliness 


will circulate temper 


The consulting engineers discuss the design of only. 
the heating and air conditioning systems for 
Pittsburgh’s new Buhl Planetarium and _ Insti- 


Complications in ¢ 0 
were avoided by decid 


Naturally, not mu 


the library a: 


offices, and shops and other 
services, (4) Interior finish. 
(35) Relative location of rooms 
to main fan room, 

Due consideration, together 


tute of Popular Science, the fifth such structure 
to be built in the United States. . . . The cooling 
load analysis indicated the engineering advis- 
ability of well water for precooling, and the 
storage of chilled water for meeting peak loads: 
these and other details of the installation are 


a fixed quantity of outd 
for both winter and si 
This volume was set 
cfm, which is ample 


expected occupancy 








with a study of operating ex- 
perience in the Philadelphia 
and New York planetaria, led 
to the final division of the load into separate systems as 
shown in Table 1. 

The final decision to group the rooms in this way was 
greatly influenced by the information contained in Table 
2, which shows the calculated heat losses of the principal 
rooms for local design conditions. The last column in 
this table expresses the ratio of heat loss to room vol 
ume. Because of the wide variation of this ratio, separate 
systems are desirable for proper temperature control. 

There are separate supply and exhaust fans for 
each system, the discharge of the exhaust fan being con- 
nected to both the intake of the supply fan and to a vent 
duct discharging through roof ventilators. Throttling of 
the return air damper will cause a pressure rise sufh- 
cient to open back-draft dampers and allow return air 
to be vented to outside. Exhaust fans were selected to 
make return of air more positive, to make the pressure 
of outdoor air and return air more nearly equal at the 
point of mixing, and to reduce the resistance head on 
the supply fan. 

The combination of small heat loss and usual volume 


2Does not include elevators which are considered as circulation space 


Table 1—Division of Load 


Gallery F-1 ....... yy “2 eee! Oe Fan No. S-1 

Galleries G-1, G2, G 3] Fan No. S-2 

Special Exhibit Room | 

.Fan No. S-3 

Planetarium Chamber Fan No, S-4 

tealery F-30 wc cei sce 12. an No S-5 
.Unit Ventilator No. 1 


Lecture Room ...... 


PE sricwrn cer 
\mateur Rooms] 


Photo Rooms \ 


..Unit Ventilator No. 2 
. ....Unit Heater No. 1 
{Unit Air Conditioner No. 1 


} Radiators 


Main Entrance 


Rear Entries....... 


Radiators 


Telesce ype Room. . 
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treated in full in this informative discussion 


offices. 

The unit heater at the 
entrance is for the purp 
preventing cold drafts across the main gallery 
because of infiltration through the doors. Th 
is concealed in a specially designed chamber oy 


Table 2—Heat Losses 


Room Mau ' ( 
G-1 Gallery . ' 15.2 
G-2 Gallery . 27.4 
G-3 Gallery . 62.1 
G-4-5 Toilet .3 
G-8 Special Exhib.t 21.0 4 
G-17-18 Toilet ; 3 14 
7-24 Wood Shop 0.7 
G-25 Receiving . 0.0 " 
G-26 Mch. Shop 24.5 
G-29-30 Photo & Dark 10.8 = 
(-35-6-7-8 Amateurs 10.0 TD 
F-1 Gallery 212.7 
F-17 Storage 5.9 “ 
F-18 Lecture ' 67.9 
F-20-7 Corridors 24.4 4 
I-30 Gallery 72.0 
F-45 Planetarium 149.9 
5-5-8 Hall wand . 3.1 1.64 
S-9-10 Toilet. 0.6 
S-12-13 Offices . 15.0 
S-14 Files ....... 5.4 
S-15-16 Toilet 5 14 0 
S-17 Storage .. ; 1.1 ! 
S-18 Coat Room & Toilet 4 ! 
SR. ee ee 14.0 
S-20 Office ..... 7.5 
T-1 Observation . 19.9 
T-11 Stairwell 12.8 Ls 
T-38 Stairwell . . 12.8 4 
M-14 Projection 2.4 { 
884.5 
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Iving door housing and the air is discharged down 


re 
ward through grilles in the ceiling of the vestibule. The 
fan motor will be controlled from a thermostat placed 


behind the return grille built into the vestibule. 


l‘neumatic temperature control is used throughout 


the building except for two small unit heaters. The fan 
systems are controlled from insertion type thermostats 
situated in the return air ducts near the fans. When the 
fan is started, the outdoor air damper opens to its mini 
mum position, which is maintained until overheating 
occurs. Upon a rise in temperature of return air, the 
duct thermostat first throttles the steam supply to the 
coils and then opens the outdoor air damper to a wider 
position as required. Limiting devices include a thermo 
stat on the downstream side of the tempering coil to pre 
vent freezing of condensate and one in the discharge of 
the supply fan to prevent delivery of air at less than 60 fF 
when the room requires cooling. 

Heating steam will be furnished the planetarium from 
. branch library across the street. 


Cooling Loads Analyzed 


The original design for the Buhl planetarium contem 
plated cooling for only the planetarium chamber, the lec 
ture room, and the offices. The outside air intakes were 
made large enough to pass all the air handled by the 
fans and it was felt that because of the heat capacity 
f the structure, ventilation with might air would provide 
As the 


lesign was nearing completion, however, the owner sug 


ll the cooling effect needed in the other spaces. 


vested that future plans for the use of the building would 
nclude a special exhibit in the octagonal room on the 
eround floor. A lecturer will conduct groups of people 
hrough the exhibit, and if large numbers of people 
' wsemble in these ground floor galleries at one time, 
Consequently 


wling may become desirable cooling 


ils were added to the basement group (Fan S-2) 


Table 3—Fan Capacities 
AlrR Re MIN 
FAN Votume Heat! Fan CHANGES OUIRED IMUM 
GRouP oF Loss CA PER Tempe Ow 
SPact Ppactry, Hour al SIDI 
GRILLE Arr 
Cu Fi Meu | Crm F Crm 
Main Gallery 136800 213 14500 6 36 S4 3000 
Ground Floor Galleries 116980 156 11000 5 65 R38 2400 
Lecture Roor 30400 68 S750 & 70 81 3000 
“4 Planetariun 105200 150 12200 6 05 SI 5500 
East Gallery 36300 72 «©3800 6 30 AS 1000 
Offices 15400 l 2200 & 56 100 


Only 10,600 cfm to planetarium chamber Remainder to projectiot 
T rgan chamber, and to space over inner dome 
Heat supplied by cast iron convectors; air for ventilation only 


Table 4 


Summer, Winter and Design Cfm 


WINTER VENTILATION SumMMER COOLING Desicn Votume 


CE CrM Crm Crm 

330 540 150 

i 180 300 300 
wlotar 360 330 heh 
necept 360 315 io 
ture 10 360 250 
150 360 250 

1530 2205 2150 
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Considerable study was devoted to the cooling loa 


im the case of the planetarium chamber, and the eal 
gain was calculated for a 24 hr period at intervals of o1 
based on hourly from. the cal 


hour, temperatures 


19036 No mnfiltration 


was included because of lack of windows. For 


weather bureau for a hot day in 
solat 

diation effect the temperature differentials recommend 
\SHV1 1937 


It was further assumed that the walls would have a hy 


m Chapter & of the Cruicle were uses 


lag of 12 hr and the roof a lag of 6 hi Phe calculation 
turther assumed that two shows daily will be given. on 
trom 2:30 to 3:30 p. m. and the second from & :00 


4:00 p. m., daylight saving time, that there will be 400 


occupants, and that the minimum outside air require 


ment per person is 1 Ib per min, or 13.5 eft 
The plotting of the components of the cooling load 
this system indicated that heat gain from the outside b 


transmission and solar radiation will have 


mit tittle ette 
on the total load and further that it will be loa 
high peaks of short duration. Such a load sugvest 
system of storing refrigerating effect 
The conclusions drawn from the detailed calculati 
ot heat gain from outside to the planetarium chambet 


were applied to the solution of the problems in the le 


ture room. This room has an exposed ceiling and ex 


"1 
Darail 


posed west and north walls, the west wall being 
to the long axis of the room. Sun effect on th 
had to be considered but the sun effect on the west wa 
will not be in phase with any other components of th 
load 


dur If the normal lis . 


cooling occurring Y 
room 

From the control standpoint the office group pre 
sented a problem that was more complex. Six rooms 


are conditioned, two with eastern and ceiling exposur 
two with no outside exposures, and the other two wit! 
western and ceiling exposure, The outside rooms have 


windows, hence the east rooms will have a morning peal 
Zoning of th 


solution of 


and the west rooms an afternoon peak 
work 


control problem 


cluct seemed to be the simplest 


In a vear round air conditioning system, the air 


tities for winter and summer seldom coincide when 


permussibl 
! 
| oO Oove»rconn 


computed on the basis of heat loads and the 
fall of air 


rise or temperatures this dif 


ference in this case, some consideration was given to a 
mMprove 
ment in results would justifv the added cost and com 


According], the Table t was 


two speed fan, but it did not appear that the 


plication. 
adopted. 
As stated before, two rooms, 


compromise of 
the library and receptior 
room, have no exposure. Consequently the cooling loads 
will not varv because of movement of the sun and thes 
substantially a constant ameunt of 
the effect of throttling by the 


rooms should receive 
ur all day. To overcome 


zone dampers, two supply grilles were placed in eacl 


of these rooms. QOne in each room is connected to the 
zone Kach grill 


effect is 


zone and one to the west was 


sized to pass 225 cfm: 


cast 
thus, as the cooling 


shifted from the east to the west zone, the total air ce 


livered to these rooms will remain approximately con 


stant at some figure less than ti $50) cim shown 1n 


Table 4. 


The total air volume will not cause objection 


The buildir 


g plans were prepared during 19 














able air movement in winter when the zone dampers 
are not in use, 

The decision to provide cooling for the basement 
group was made after the plans had been substantially 
completed. No definite information was available on 
the number of occupants which might congregate in 
these rooms at one time. The possibility that large 
crowds might be attracted during hot weather by some 
special exhibit was considered, but it did not seem ad- 
visable to provide extra capacity for such rare conditions. 

After several trial selections, a coil was finally speci- 
hed for this group which has a rated capacity of 208,000 
tu per hr at a mean temperature difference of 16 deg. 
This is sufficient to care for 2400 cfm of outside air, 
20 kw of lighting, and 150 to 160 people. These rooms 
are entirely below ground and any heat flow through 
walls and floors will be outward rather than inward. 


Storage of Refrigerating Effect 


The cooling loads are summarized in Table 5. That 
the load factor on this system will ever be 100 per cent 
is highly improbable, but until the system has been in 
operation, statements of load factor would be but hazard- 
ous guessing. Load curves for simultaneous operation 
of the entire connected load on a day of 95 F dry bulb 
and full occupancy in all rooms were drawn for a likely 
schedule of use of the several rooms for use in the 
This graph showed a possible addition of the 


analysis. 
There are, however, 


several items of the cooling load. 
several good reasons for avoiding a recommendation that 
money be spent to install cooling equipment with an in- 
stantaneous capacity of 86.4 tons. They are: 

1) The loads graphed were the maximum for each of the re 
spective systems, and outdoor temperatures do not remain sta 
tionary at their maximum level for 10 to 12 hr. 

2) <A definite schedule for use of the lecture room has not 
That this room will often be scheduled for 
When such conditions 


been established. 
use on extremely hot days 1s unlikely. 
do occur, staggering of the time would correct such high peaks. 

3) Outdoor temperatures of 95 F are infrequent and of short 





Table 5—Summary of Cooling Loads 


| LOAD IN MBH 
Fan No. Group : ; 
SENSIBLE | LATENT 
' 
S-2 | Ground Floor Galleries 140 0 68.0 
S-3 | Lecture Room 167 0 114.5 
S-4 | Planetarium Chamber 331.0 166.0 
, y . | + R 
Unit A.( Offices 42.1 | 10.1 
Total 680.1 | 358.6 | I 
1038 7 Mbh = 86.4 tons 
Cootinc By Weit WATER 
S-3 Lecture Room 83.5 24 5 
S-4 Planetarium Chamber 127.0 40.0 
Total 210 5 4 
275 Mb! 22 9 tons 
INSTANTANEOUS COOLING CAPACITY 
Peak PERIOD 
1 Hr 2 Hr 
PER PER 
Msu CENT MsuH CENT M su 
Well Water 275 26.3 | 275 0 5 | 27 
Compressors {80 416.0 {80 53.4 180 
Storage 290 27 7 145 161 07 
Total 1045 100 0 | 900 100 0 | S52 
Peak Load (see above 1039 1039 1039 
Per Cent Capacity 101.0 86.6 42.0 
duration in Pittsburgh. Examination of the dry bulb ten 


ture records of the local weather bureau revealed that te: 


tures of 95 F or higher have been reported for only 39 « 


25 years or about 1% 


days per year. 


For temperatures « 


ing 92 F the figures are 92 days, or 324 days per yeat 


4) The peaks are of short 
water would enable smaller 
Cooling storage water will 


smaller compressors and reduce demand charges { 


The chilled water and well water cycles 
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duration, and the storage of 
compressors to Carry the s¢ 
also improve the load fact 


mr el 


energy. 

Well water was also 
tigated in the interest 
economy, and after consul 
building managers in the 
mediate vicinity who 
wells, and a local well dri! 
contractor, the drilling 
well was authorized by 
owner. This well was « 
pleted in October, 1937 
tests indicated that it coul 
relied upon for a_ sust 
capacity of 60 gpm at 57 
the well. 

Water at a temperatu: 

57 F is suitable for prec ling 
the air, but the temperatur 
not low enough to cau 
necessary dehumidificati: 
decided to 
water betwe 


was then 
this well 
planetarium chamber at 
lecture room in rough p! 
tion to their sensibl 
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loa ls (planetarium 33 gpm, lecture room 27 gpm) for 


0 
a 


first stage cooling. From these first stage cooling coils, 


where the water will be heated about 10 deg, it will be 
pur ped to the condensers, entering at about 70 F. The 
city water frequently rises to higher temperatures in 
the summer and this cooler water will thus effect some 
saving in power over the use of city water for condens 


ing During operation for chilling storage water, the 
well water will go direct to the condensers, thus main- 
taining a still lower head pressure. 

The size of the storage tank for chilled water resulted 
in a compromise between the theoretically desirable 
amount of storage water, the estimated cost of tanks and 
A tank of 3500 gal was specified 


and it is intended to cool this water to 35 F before the 


the space available. 
cooling coils go into operation. This temperature will 
Jlow about 10 deg of storage or a total of about 290 Mb. 
For a 2 hr peak this would be 145 Mbh and for 3 hr, 
97 Mbh. 


Two 20-Ton Compressors 


When this information had been assembled, the us¢ 
f two 20 ton compressors was decided upon. The rea 
sons were: 


1) The price of two small machines compared favorably with 
the price of one 40 ton machine with a two speed motor 

2) The local utility places a limitation on starting current of 
»00 amperes for all motors supplied from its 200 volt network 
This allows a 20 hp motor to be started with an across-the-line 
starter, but the larger motor would require a special starter 

3) With the help of the well water and the storage tank, one 
») ton compressor will be able to handle the total load most of 
the time. Thus, standby compressor equipment will be availabk 
r all but the few days a year when maximum loads occur 

1) Because of (2) and (3) there will be lower demand 
harges and better average energy rates for many months during 


future cooling seasons 


The cooling capacities are summarized at the bottom 
{ Table 5 for peak loads of 1, 2 and 3 hr duration. 
[hese capacities are also expressed in per cent of the 
maximum possible load as taken from the upper portion 
f Table 5. 

The compressors have separate water coolers to avoid 
lificulties with parallel operation of compressors. Wate 
is pumped from the tank through either or both water 
oolers and back to the tank by one of the pumps. Sep 
irate pumps are provided for each of the cooling systems 

pump chilled water from the tank to the respective 
cooling coils. 

Chilled water coils as opposed to direct expansion 
oils were chosen for the following reasons: 

1) The desirability of stored cooling effect favors water coils 

2) This arrangement permits the two compressors to serve 
the tour separate cooling systems, any combination of which 
may be in operation. 

The system requires less refrigerant, and possibility of 


leakage is also reduced. 
Control of Cooling System 
Tentative cooling coil selections soon revealed that a 


bypass around the coils would be desirable to attain 


the necessary flexibility of dew point control from no 
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load to full load, and consequently 
adopted. 

As during the heating season, the 
be controlled from a thermostat in the return air duct 
when cooling. One of the features of the control w 
be the resetting of this duct thermostat by a thermostat 
situated in the outside air intake which will raise the 
inside dry bulb temperature as the outdoor temperatur: 


rises. So that all possible advantage may be take 


outside air for cooling, the outside air intak« dampers 


1! 


will be controlled by an outside thermostat which w 


" 


be reset by a humidistat. Thus the dampers will be at 


their maximum opening when the outside wet bulb is 
lower than that desired inside and at their minimum set 
ting when the outside wet bulb rises above the insid 
the change at which this will take place is approximate! 
67 F wet bulb 

No control oOvVvel Inside relative hun icity vill he ¢ yet 
cised except that which results from the operation 
the bypass damper and the adjustment of the chilled 
water thermostat This combination will not maint 


constant relative humidity, but will confine the variation 


within the limits of the comfort zone as shown by recent 
reports of the ASHVE research laboratory 

At times of light load, return water from the ol 
coils will be bypassed around the storage tank in orce 
to maintain a constant water temperature entering th 
dehumidification coil The thermostat which controls 


this operation may be adjusted in the field to get opti 


mum conditions 

The zoning of the duct system for the office has alread) 
been mentioned. These zone dampers are controll 
from thermostats situated in the respective return a 
ducts 


The Air Distribution 


All duct work except that in machine rooms and shop 
is concealed, and both the architect and the structu 
engineer gave splendid cooperation m= making. slig! 
changes in architectural design or in altering the location 
or stvle of framing in order to accommodate the duct 
work 

Space restrictions dictated many sharp angled bends 
and to maintain good flow conditions splitters were sp 
Before approval was given 


grille sizes and locations, architectural details of all 


cified at many points 
portant interiors were made Because of this caretul 
study. the duct work was installed substantially as was 


shown on the drawings and with 


minimum imterference 
from other trades 

Directional flow grilles are used for all wall outlets 
Wherever possible these grilles were selected for lig! 
aspect ratio and relatively high grille velocities in ordet 
that good secondary air circulation within the room wil 
] 


be created. This same type of grille is specihed for cet 


ing supply in Gallery F-1, architecturally the most im 
portant room in the building. These grilles were care 
fully worked into the architectural design and lighting 
plan, and because of the great height of the room and 
the method of hehting, the erilles are scarce ly notice ible 
Return grilles in the galleries and lecture room are © 
ornamental design 

The nature of the planetarium chamber creates an in 


dividual problem. The occupants will be seated in the 
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Details of duct work for the planetarium chamber 


four quadrants, facing toward the center. All air move- 
ment in the occupied zone should preferably be from the 
center toward the walls. The ceiling of this room is a 
hemisphere of thin perforated steel painted white, which 
serves as a screen for the projection of “stars and plan 
ets” by the planetarium instrument. Naturally there 
could be nothing built into the dome which would destroy 
this surface. Below the spring line of the dome are 
several baffles which are set at 45 deg to the vertical 
and extend around the periphery of the room; their func- 
tion is to conceal from the audience the image of a stray 
ray of light from the instrument so that there will be 
no “stars” visible below the horizon. 

The supply ducts for this room were designed in bast- 
cally the same manner as those successfully operating 
in both the Fels and Hayden planetaria. Several re- 
finements were added such as the final bend in the nozzle, 


splitters, and directional flow grilles (see details). The 
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grilles, selected from data furnished by the manufact 


are intended to give more control to the trajectory 


will reach just beyond the inner circle of seats. R: 
grilles are placed in the wall approximately beloy 
supply. Thus a movement of air toward the faces | 


spectators should take place in all parts of the oc 
zone. 
Clearances for the instrument elevator and the 


able floor section made complex duct work necessa: 
the space under the floor of the planetarium cha: 
The planetarium instrument will be mounted on ar 
vator deck and will be concealed within a pit whil 


audience assembles. After the lecture has starte 
the house lights have been turned off, the secti 
movable floor will be lowered and rolled out of the 
following which the instrument will be raised into 
tion and the demonstration will begin. 

All ducts and fan housings through which chill 
is handled are covered with 1% in. corkboard 
joints were sealed with hot asphalt and over 
ceilings two brush coats of hot asphalt were ay 


pl 
the exterior surface of the insulation. These precat 
were taken to prevent condensation from forming o1 
surfaces. Asbestos air cell covering was used o1 


ducts for those systems which have no cooling coil 


Preventing Condensation on Dome 


As mentioned before, the inner dome or ceiling « 


planetarium chamber is made of perforated stair 


steel sheets. These holes (fifteen ,*, in. diameter 


per square inch) allow sound waves to pass throug! 
dome rather than to be reflected back to the audi 
The dome is painted white so that it will give the pr 


light reflection. Because repainting of the dome w 
expensive, it is important to keep its surface cl 
long as possible. Should condensation torn 

inner surface of the outer dome and then fall to the 


dome, streaking would soon occur. To guard ag 


this, 2 in. of rigid board insulation was placed ov: 
masonry arch forming the outer dome, and small 


ducts from the main supply risers were run up aboy 
inner dome. In winter, the insulation will kee; 


inside surface temperature above the inside dew 


and the branch ducts will provide for air chang 


tween the two domes, the space being vented t! 


hy 


the perforations in the inner dome. These precaut 


are also necessary to keep moisture out of the sou 
la 


sorbing material which was applied to the inside n 
surfaces of the outer dome. 





Predict Air-Borne Diseases? 


It seems possible that there are certain diseas 
cluding certain types of colds, possibly some for 
pneumonia and influenza, which are indigenous 
tain localities and may be transported to other lo 
with air masses therefrom. It is not an idle drean 
with further development of air mass analysis, 
with medical climatology, predictions of the incidet 


such diseases may become possible, so that persons 
ject thereto may, in effect, “hole themselves in” unt 


danger of infection has passed.—Rosert E. Hi 
consulting engineer, in his presidential address bet: 
\merican Meteorological Society. 
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Heat Transfer and Viscosity Effects in 
Ammonia Shell and Tube Brine Coolers 


By Richard J. Panlener* 


T is the purpose here to review some of the data 

and tests on heat transfer in horizontal shell and 

tube coolers used for cooling calcium chloride brine. 
To present a simple and direct approach to the prob- 
lem, only flooded evaporators will be considered. 

The variable factors involved in the practical consid 
eration of the changing values of heat transfer may be 
listed as (1) evaporating temperature, (2) initial and 
final brine temperature, (3) logarithmic mean tempera 
ture difference, (4) brine concentration, (5) brine 
specific heat, (6) brine velocity through the tubes, (7) 
number of brine passes, (8) size of the tubes, (9) type 
of surface, (10) arrangement of the surface, (11) re 
frigerant connections, (12) boiling point 
(13) average brine viscosity, and (14) swirl strips. 


depression, 


Evaporating Temperature 
The lowest evaporating temperature determines the 
brine concentration necessary for a particular applica- 
tion. It should be remembered that the concentration 
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Fig. 1—The relationship for caleium chloride between average 


brine temperature, ammonia evaporating temperature and the 
brine freezing point temperature for various brine concentrations 


must be such that the brine will not freeze in the tubes. 
For this reason a margin must exist between the freezing 
point of the brine and the lowest evaporating tempera- 
ture; this margin must take into account the human 
element in plant operation as well as possible load varia 
tions. Values of average brine temperature, lowest am 
inonia evaporating temperature and freezing tempera- 
ture of still brine are shown in Fig. 1, which is a plot 
of values from the ASRE Refrigerating Data Book. (6)7 
(hese brine concentrations in reality have even a greater 
margin since moving brine freezes several degrees be 
low the crystal forming temperature in still brine. 


Initial and Final Brine Temperature 
(he initial and final brine temperatures are necessary 
in determining the average brine viscosity and average 


*Vilter Mfg. Co 
e bibliography. 
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brine specific heat. The rapid change in brine viscosity 


with small changes in temperature is shown in Fig. 2 
These values are taken from the work by Stakelbeck 
under the direction of Plank and translated and con 


verted by Kaufmann (7). In order to facilitate interpola 











Fig. 2—Variation of viscosity in centipoises for changes 
in temperature and concentration for calcium chloride brine 


tion and the use of the Fahrenheit scale, the values have 
heen plotted as shown. The variation of specific heat 
with working brine temperatures and concentrations is 
shown in Fig. 3. Although the variation of specific heat 
for a given concentration with change in temperature is 
small and may be neglected for practical purposes 
nevertheless the great difference with varving concen 
trations readily indicates the necessity of accurately dé 


termining the correct brine density 
Logarithmic Mean Temperature Difference 
The effect of logarithmic mean temperature difference 


MTD, on the heat transfer in horizontal shell and tube 
brine coolers is excellently reported by Consley (2) and 





A thorough analysis of the factors influencing 
the overall heat transfer and friction values in 
horizontal multipass flooded ammonia brine 
coolers is presented by the author. After dis- 
cussing the effects of the individual variables, 
an empirical heat transfer formula and accom- 
panying curve give a simple and rapid method 
of selecting the heat transfer coefficients. A 
description of the determination of friction 
values by Reynolds numbers and an accompany- 
ing test curve to further establish its accuracy 
are also included. ..,. The data are of interest 
to engineers concerned with refrigeration pip- 
ing, and in connection with brine spray equip- 
ment for low temperature air conditioning 
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is shown in Fig. 4. With 10 F brine, 1.28 specific grav- are for conditions under which refrigeration equipm 





ity in 1% in. OD tubes 16 ft long and a brine velocity of would not operate. The ASRE data book (6) lists 1 
200 fpm he reports 70 Btu per sq ft per hr per F with thermal conductivity of calcium chloride brine at 90 
a 4.5 deg M rD and 100 Btu per sq ft per hr per F at The conductivity of water varies 30 per cent from 32 
12 deg MTD. The effect of MTD has long been recog- 212 F. It would also be interesting to know how 
nized as an important item in flooded coolers. The — conductivity for brine varies especially at low temne: 
rapid increase and then the falling off of the heat trans- tures ; é: 
fer coefficient with progressively increasing values of us 
MTD indicate that this effect is on the refrigerant side Brine Velocity 

of the tube. At a low MTD there is slow ebullition of 

| the refrigerant accompanied by a rather heavy and slowly The effect of brine velocity through the tubes 

: disturbed ammonia film on the tubes. As the MTD long been recognized, although there has been 

increases, the boiling becomes more vigorous, forming agreement as to its true effect since the original inve 
mass convection currents of the liquid refrigerant; the gators did not take into account the other determi: 
refrigerant actively flows over the banks of the tubes, variables. For that reason it has been impossibl 
rapidly washing away the gas bubbles and reducing the set up a correct overall heat transfer coefficient depend: 
ammonia film. This increased movement of the re solely upon brine velocity. Inasmuch as the ae 
frigerant over the tubes, due to the MTD, increases the of heat transfer due to velocity must take fluid say 
heat transfer on the refrigerant side just as the increased account. the actual influence of iid wit he s 
velocity of the brine through the tubes increases the ve HS “bierer St "any 

7™= ered under the discussion of viscosity. 
heat transfer on the brine side. However, as the MTD ; 
continues to increase, a falling off of the heat transfer ; 
occurs due to the evaporation around the tubes taking Number of Brine Passes 
place so rapidly that the ammonia gas forms a thin insu The bri ; hicl listed } 
ie brine tests which were listed by Consley 


lating layer. These conditions are of no practical sig Yrwe ; , : 
were made with four, five and eight pass coolers. Or 
tests which have been analyzed were run on three, 


1 


five and 10 pass coolers. Since there has been slix 


nificance, though, since this decrease does not occur until 
a cooler is operated under conditions which would be 


commercially uneconomical. Tape : ger 
variation in heat transfer coefficients obtained in 1! 
Brine Concentration and Specific Heat different tests, questions have been raised as to whet! 
or not the number of passes is a determining variab! 


The necessity of accurately determining the correct It may be that these differences existed because of 
cumulative errors in test readings. However, it has be 

argued that if the number of passes has no appreciab! 

effect upon the heat transfer coefficients, then the val 


obtained for horizontal multipass brine coolers shot 


brine concentration both as to its effect upon the vis 
cosity, Fig. 2, and as to its effect upon the specific heat, 


be) 





i also be applicable to the single pass horizontal bri 
~ 1 cooler, since this is nothing more than the lowe1 
x 4 ing value of the number of passes. It will only be 
86 | : 
S sible to settle this question after a complete ana 
8d + , } } Jinn 9 } ° : , 
\ 3 2 has been made of all the possible variables in th 
< g x ha . » 
S ) , zontal multipass coolers. If at that time the numbe: 
S 4 , ' 
6 5 passes is not considered as a variable, then the 


_, 780 +——+—_+—}—, ° ws transfer coefficients for the multipass coolers should ay 


also to the single pass coolers. 











‘ © + + 90 a 
x x 4 
& 740 | m wd 
A 2 ‘ 
‘ +8 <4 72 Effect of Tube Size 
¢ ~ 
68 } —4z As shown by the plots in Consley’s paper (2) 
—t—_] 59 , : - 
R 66 } 4 : 39 as stated by McAdams (3?) the heat transfer varies 
pe _ versely as the outside diameter of the tube. This 
O¢:. —————— t T | eee T 4 . . ° . . 
Dsl Bere crease again is due to the greater agitation of the lv 
620 = . — ~ -" -" 2A 4 2 “9 _ ad so . - - . . 
40 BO -20 -10_ T_T i. film. This directly follows from the permissible arrans 
CPV DEF aA wre, 4 - : . . . . 
ment of the tubes according to their outside diamet 
Vig. 3—Variation of specific heat of calcium chloride From a practical design and manufacturing point of \ 
brines with changes in temperature and concentration ae : ; : 
it is possible to arrange more small outside diam 


tubes in a tube sheet of a given size. For exampl 
a 28 in. external shell diameter in the tests correl: 


Fig. 3, has already been mentioned. Although the vis 
s p > . 
by Consley (2) there were one hundred and forty 


cosity is the more widely varying figure, nevertheless the 

correct specific heat is necessary for the proper heat 1'4 in. tubes in the one case as compared to fifty 
balance of the brine cooler. The brine concentration and 2 in. tubes in the other. For a 1 in. thick tube s! 
temperature is obviously a determining factor in the in the RMA (4) recommends a similar procedure, all 
ternal thermal conductivity which is one of the funda- ing a % in. minimum ligament for 2 in. OD tubes 
mental pieces of information lacking for the c mplete and a 3% in. minimum ligament for 114 in, OD tubes. 
thorough dimensional analysis of brine cooler heat trans This variation in tube arrangement changes the 
fer problems. The few values listed in reference works area available for refrigerant circulation around the tu 


) 
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ve smaller tubes also displace more refrigerant. This 
aves a smaller quantity of liquid refrigerant to be ci 
dated by convection currents, a condition which is 
ought about by the MTD. However, it must be re 
embered that the closer arrangement permissible with 
aller tubes undoubtedly brings about a greater re 
stance to the liquid refrigerant circulation. A com 
nation of a more rapid circulation because of the smalle: 
t available area between the tubes and a greater num 
r of tubes results in a more complete bathing of the 
xternal tube walls by the liquid refrigerant. Under 


ese conditions the heat transfer coefficient on the re 


1 igerant side 1S increased because of the more rapid re 
wal of the evaporated refrigerant and the decreased re 


rigerant film resistance 

From the values taken from Fig. 4, the plot by Cons 
ley (2) tor a constant condition of 200 fpm brine velo 
ity and an MTD of 9.5 F with 1.28 specific gravity 


brine at 60 F, the variation in heat transfer is slightly less 


; 
) 


han the inverse ratio of the tube diameters to the 0.2 
power. This checks accurately with the work by Eaek 


~ 


and Ferguson on heated water flowing in turbulent nx 
n in the horizontal brass pipes having diameters oi 
15. 0.75, 1.0 and 1.5 in., which showed that for a given 
water velocity, the coefficient of heat transfer varied it 
versely as the 0.2 power of the diameter (3). The follow 
g table from the data book (6) is set up on the sanx 
hasis : 
Effect of Tube Diameter upon Forced Convection Coefficients 
ies te 025 0S 0 ' , 


Flow inside tube 1.59 | 1.15 1.06 1.00 


To obtain the coefficient for any tube size multiply the 
heat transfer coefhicient by the inverse ratio of the above 
values 


Type of Surface 


The condition of the surface is a vital factor in the 
variation of heat transfer. Just as smooth internal su 
faces lead to lower fluid pressure drops and a smooth ex 
ternal surface to higher condensing coefficients, so do 
roughened external surfaces promote higher rates of 
evaporation. This factor has been reviewed by King and 
Knaus (5) and by McAdams (3) in his report on the 
tests of Heidrich and Jakob. For high heat transfer co 
efheients from the surface to the boiling liquid, the metal 


surface should be clean and rough. Oxidation and scale 


will retard heat transfer, thus losing the beneficial effect 


a clean, rough surface. 
Arrangement of Surface 


\s previously stated in discussing the size of the tubes, 
a definite change in heat transfer occurs with different 
tube sizes. Another factor in the arrangement of the 
surface which is known to produce a marked change in 
the brine film is the length of the tube. In turbulent 
flow through the tube, the brine forms three recognized 
ones—the film, the buffer layer, and the turbulent core 
(he brine film adheres to the metallic surface of the tube 
and does not move appreciably as the rest of the brine 
passes through the tube. Heat being transferred from 
the body of the brine to the refrigerant must pass through 
this film by conduction. The buffer layer or zone is a 
slowly moving region which mixes slightly with the film 
and the turbulent core and through which heat passes 
both by convection and conduction. The turbulent core 
represents by far the greater part of the moving mass of 
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brine and it is this zone, for the 


able for use 


Fluid flowing through a tube 
has a tendency to approach an 


Is a const 


fer layer, and a constant brin 
wall However, in a multipas 
the length of the pass. is directly 


} ] ‘ +] 1, +] 
ot now, and returns roug! I 


ruption to the fluid flow cause 


both upstream and downstr 





Fig. 4 Heat transfer in flooded brine 


int turbulence, a consta 
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ITH the growth of welding of piping and pres- 
sure vessels has developed the need for ascer- 
taining the quality of welded joints. One of the 
non-destructive methods evolved that is being applied 
to are welded joints is that of the arcronograph. 
During the summer of 1938 the writer operated one 
of these instruments at the lowa Power and Light Co. 
plant at Des Moines. A new addition was being con- 
structed at the time which consisted of a turbo-generator 
unit driven by steam supplied by a boiler fired with pul- 
verized coal, The steam pressure is 1290 psi and the 
temperature 925 F at the throttle. The main line from 
the boiler to the turbine is 10 in. molybdenum steel pipe 
1'g in. thick. The boiler feed line was designed to with- 
stand 1900 psi. 
followed quite closely 
recently carried out at the Conners Creek station at 
Briefly, they consisted of preheating the joints 
with either wrap around resistance coils or 
The heat was maintained 


The procedures in welding these lines 
those for the remodeling job 


Detroit 
to 425 F 
aluminum induction heaters. 
during the welding. When the weld was completed, the 
joint and adjoining pipe were heated to 1200 F to relieve 
possible stresses due to unequal heating from the arc. 


The Welding Process 


While the welding was proceeding, records were taken 
with the arcronograph. The action of this instrument 
is based on the fluctuations in voltage that occur in the 
circuit through the welder’s are. A study of the move- 
ment of metal at that point shows that the end of the 
rod, on heating up, becomes fluid. This fluid, due to 
surface tension, tends to form a sphere; since it is 
attached to the end of the rod the form is really that of 
This pear shaped drop apparently takes on a 
spinning and elongating motion. Finally it extends out 
so far that the spherical end touches the puddle. A short 
then occurs in the circuit, but for only an instant. The 
surfaces of the puddle and of the drop break. The neck 
whereby the drop has been attached to the electrode now 
breaks. The drop enters the puddle and the are is again 
set up between the puddle and the end of the electrode. 
Thus the voltage in the circuit through the are continu- 
ally varies. While the drop is forming the arc is in 
action heating and fusing the base metal, as well as the 
end of the electrode. The ratio that exists between the 
time required for each drop to form and the base metal 
to melt, and the time during which the circuit is shorted 
in depositing each drop, is the basis on which the per- 
formance is determined and consequently the basis on 
which the quality of the weld is determined. 

The forming and depositing of the drops take place 
so rapidly that the instruments commonly used for indi- 
cating changing voltages cannot keep up with the rapid 
actions. In the arcronograph a vacuum tube is used, 
since it has no inertia. The power to the tube is usually 


a pear. 
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Controlling Quality of Pipe Welds 


By R. W. Breckenridge* 






supplied from an a-c circuit in which the current is rex 
fied. The fluctuations are recorded on a strip of pap 
by means of a balanced fountain pen feeding the 
through a capillary tube, the intake end of which is fr 
to move in the ink supply reservoir. When the volta 
rises the pen moves to the right and when it drops t 
pen moves to the left. A small synchronous motor mo 
the strip of paper under the pen at a uniform rate. \V1 
the welder stops work the recording mechanism co 
tinues for a very short time and then, to save chart pay» 
shuts off automatically. 

It is not difficult to place the instrument near enou, 
to the work so that the arcronograph operator can 
serve the welder. This was found quite desirable in t! 
the arcronograph operator could record with symbols 
abbreviated notes on the margin of the record strip t 
bead which was being applied to the joint and the pos 
tion on the circumference of the pipe where the welding 
was being done. In that way it was possible to locat 
lefinitely the part of a welded joint which each part 
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In addition to this infor- 
nation, the joint being welded was recorded. 


e arcronogram represented. 


Work on the alloy steel pipe carrying the two highest 
ressures was done by a welder who had been welding 
He worked with his 
we unusually close to the are in order to observe care 


ince he was about 16 years old. 


fully the action of the metal as it was being deposited. 
or the arcronograph operator to see the same thing it 
vas necessary for him to get equally close. However, he 
did not need to remain in that position any longer than 
was sufficient to learn what was going on and why. 


Interpretation of the Arcronogram 


If the welder is working down-hand on a piece of pipe 
that is in the best position possible in so far as his com 
fort and convenience is concerned; if he is using the 
same kind of electrode as is to be used on the job: if 
the material and size of the pipe being welded is repre 
sentative of that to be used on the job; if his welding 
machine is adjusted to the best possible conditions ; and 
ii the joint is prepared as the other joints will be pre 
pared, then he can produce an arcronogram with an ideal 
pattern. 
uniform waves and the axis of the line will run vertically 


This will consist of a line containing small but 


on the chart, as in Fig. 1. If the arc is elongated, the 
axis of the line will move to the right. When the are 
is so long that it continually breaks, the line will consist 
of zig-zag marks touching the right edge of the chart 


Fig.2 

Good technique below center on 
the side of a vertica/ /oitth Regv/ar 
swings to the right indicate slight 
elongation of are while “whipping” 
ahead along the sides of the notch 
to heat base metal and momentarily 
prevent deposit of metal. Thus “slia- 
ing of the meta/ /s avoided and 
good penetration is assured. 
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Last summer the author operated an arcrono- 
graph in connection with the welding ol high 
pressure piping at the Des Moines plant of the 
lowa Power and Light Co. He experimented 
in coérdination of the patterns that appear on 
the charts with the techniques of a skilled 
welder working on field welds. Although it 
is sometimes thought that a steady line on thes 
charts is the only pattern that is desirable, the 
studies indicated this is not always the cas 








and the weld will be porous and badly burn 


are 1s shortened, the axis of the line vill 
and less of the base metal will be melted the ar 
shortened LOO much, the electrod will stich 
a short circuit and a wide swing to the k 

lf all welding could be done dow: 
tortable working conditions, arcronographi 
welds would be a comparatively CasSyV pl ‘ 
held welds must be made in fixed 
which require that the welder wor i" restrict 
uncomtortable positions. Then it is necessary t bset 
carefully what welding techniques 


the proper penetration ratio and to avoid the 


the metal that is being applied \fter thes 
have been studied and the ones approved that re 
high quality welds, then it is necessary to identify th 


techniques in th 


\ knowledge of both desirable and undesirab! 


patterns appearing on the ar 


grams. 


techniques is necessary for both the arcronograph ope: 
tor and for the inspector, A record on the margin of thi 
chart is also necessary to indicate what part of the 

is being welded. Otherwise it is not possibl 


mine what technique is the proper 


Welding a Vertical Joint 


Fig. 2 illustrates how one of the welders manipulate 
his electrode on a vertical yom \t a pont ib 
third of the way up trom the bottom, the most dithcult 


is encountered There the metal being deposited 
not hang in position and neither will it build up in shel 
fashion \s the welder weaves his electrode bac! 
forth from one side of the notch to the other he alt 


nates these passes with short whipping 


the side ot the notch and ahead ot ( CPOs \ 
same time he elongates the arc slightly é 
avoid depositing metal This short time inter 
permits the metal already deposited to solidity. lh 
manner a good penetration ratio is maintained a 
the same time the metal does not slide back he « 
vibrations, which are wider than usual, might be 
taken for unsteady handling of the electrode holder 


Another example is in fimshing off at the top 
joint. The fluid metal in the puddle tends to level 
rather than build up in a well rounded bead. By 
mentarily withdrawing the electrode, the fluid metal 
solidify sufficiently to build up in the manner desir 
This maneuver produces an arcronogram consist! 
a series of rather wide swings 

When the welder was welding under these conditior 
other workmen would often be around watching 


[Concluded on page 360] 




















lushing on Lacquered Pencil Parts 
vercome by Gas Fired Dehumidifier 


By Henry 


NOTHER adaptation of summer air conditioning 
to solving industrial production problems is re 
Aa ported at [:berhard Faber Pencil Co., Brooklyn, 
N. Y. This nationally-known manufacturer of pencils 


and erasers has found it expedient to call upon silica 


‘el dehumidification equipment to preclude shut-downs 


of the lacquer room on high humidity days—not infre 
quent in Brooklyn during the summer months 

On numerous occasions in recent years the Eberhard 
Faber finishing department has had trouble with “blush 
ing’’ or the development of “‘orange peel finish” on light 
lacquered parts—sufficiently so to make it impossible to 
carry on until the interfering weather wave passed 
meant intermittent operation of the lacquer room, react 
ing adversely upon a normally smooth and efficient pro 
It affected workers’ time schedules, opet 


This 


duction plan. 
ating expenses of the department, percentage rejects, and 
storage and shipping activities. 

\n analysis of the problem revealed that the lacquer, 
in drying, caused a sufficient cooling effect upon small 
thin-wall metal parts (such as pen and pencil fitments ) 
as well as upon parts of low heat conductivity (such as 
the bodies of wooden pen and pencil shafts) to bring 
the temperature at the lacquered surface down below the 
dew point of the atmosphere in the room on excessively 
humid days. As a result, water was condensed out on 
the drying surface, and it was this moisture which caused 
the trouble. On heavier metal parts the effect was not 
noticed, apparently 
heat content of the part were sufficient to counteract the 


because the heat conductivity and 


cooling effect as fast as the drying process developed it 
But extremely thin pencil casings and wooden pen shafts 
(which could not rapidly enough “dissipate the cold” 
developed by the evaporating volatiles in the 


lacquer ) 
presented a problem. 

The answer obviously lay in reducing the moisture 
content of the atmosphere in the lacquer room so that 
the dew point would be maintained safely below the 
lowest surface temperatures developed on the work in 
the lacquer booths. It was found that different critical 
dew points existed for different lacquers and types of 
work, the lowest such temperature being about 62 F. 
To accomplish the desired job—to remove the mois- 
ture from the lacquer room air and thus sufficiently lower 
its dew point—a gas fired silica gel dehumidifier was 
installed. The unit is capable of delivering 2700 cim of 
dried air, and is equipped with an aftercooler of standard 
design connected to the city water supply. From the 
aftercooler, the dried and cooled air is conducted through 
the brick end wall of the lacquer room and discharged 
from several side registers in the single tapering duct 


which runs centrally about three-quarters of the length 


The Brooklyn Union Gas ¢ 
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Hartmann“ 


of the lacquer room just a foot or so below the c 
\lthough the silica gel unit delivers 2700 cim of 
air into the lacquer room, the exhaust blowers o1 
several lacquering benches remove air from the 
Thus 2300 cim of humid ou 


a rate of 5000 cfm. 
air filters in through doors, windows and walls 


The humidistat, situated 5 ft from the floor in 


} 
; 


ter of the lacquer room, is set to keep the mixed 


(ot course, 
+! 


air at 50 per cent relative humidity 


fiowing from the silica gel umit must be drvet 
final condition. In this manner the dehumidifier is 
operating at its most efficient level and is requir 
about lf the air needed for circul 


carry only 


h: 

through the 75 x 25 x 10 ft lacquer department 

Temperature is no special problem. The rat 
of the approximately 60 F city water through the « 
coils between the dehumidifer and the dried ait 
generally regulated to keep the temperature of the 
air near the temperature of the outside air with 
it mixes in the lacquer room. Should the day be w 
hot, it is very easy to keep the lacquer room temperat 
between 80 and 85 F—a comfortable condition wit! 
humidity as low as it must be to prevent blus 


As for results, Eberhard Faber’s lacquer foremat 
“Since making the installation, we have never 
shut down lacquering operations due to bad weat 


17 


and my department functions much more smoot 


also mentions that comfort conditions have 


proved, and that it is possible to use less expens 


quers for the same results. Undoubtedly, drying 


are reduced, although this 1s not a factor 


Equipment which supplies dried air to Eberhard Faber’: 
department, 


finishing solving a production problem 
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The Psychrometric Chart 
Its Application and Theory 


By William Goodman* 


charts have been 


LTHOUGH 


available for many years, they have seldom been 


psychrometric 


used for any purpose other than the elementary 
one of showing the relationships between the dry bulb, 
wet bulb, and dew point temperatures, and the relative 
humidity. In addition to these elementary uses, the 
chart provides a simple and enlightening means of ana 
lyzing many complex air conditioning problems. Some 
of these problems were discussed in a previous article 
In the present article the methods of using the chart for 
More 
important still, the general theory of the chart is de 
With the background of this general 


analyzing other types of problems are discussed. 


scribed in detail. 
theory, any type of problem can be attacked. 

Nearly all of the problems presented here can be solved 
analytically without the use of the chart. However, a 
graphical analysis on the chart not only eliminates con 
siderable tedious arithmetical work, but also has _ thx 
merit of providing a vivid and illuminating picture of 
the air conditioning process. Such a picture frequently 
suggests the treatment to which the air must be sub 
jected in order to achieve a desired final result. 

The new psychrometric charts that are presented her 
greatly facilitate the solution of most problems and lead 
to a clearer understanding of the fundamentals involved 
than can otherwise be obtained 


The Chart in General 


The conventional charts heretofore available have usu 
ally been plotted with dry bulb temperature as the ab 
scissa and absolute humidity? (moisture content) as the 
ordinate. Chart A is plotted with enthalpy (total heat) 
as the abscissa and absolute humidity as the ordinate 
\lthough the difference between the ordinates of th 
new and old charts may seem, offhand, to be of litth 
account, nevertheless, as will be shown later, this differ 
ence marks a fundamental and really important change. 

Mollier?* (of Mollier steam diagram fame) was the 
first to plot a chart with these codrdinates and to show 
have also exten 


Much 


of the material in this article is based 


its value. Grubenmann* and Hirsch 


sively developed the uses for this type of chart. 
though not all 
m their work. 


*The Trane Co. Member of Board of Consulting and Contributing 
litors 

tThis term is here used to denote pounds of moisture per pound 
ry air in the mixture 

New Uses for the Psychrometric Chart in Simplifying Air ( 
g¢ Problems, Heatine, : 


1936 
*R. Mollier, Ein Neues Diagramm fiir Dampfluftgemische, Zeitschrift 
VDI, September 8, 1923, Vol. 67, p. 869. 
R. Mollier, Das ix-Diagramm fir Dampfluftgemische techs VDI 
y 20, 1929. Vol 73, p. 1009 
: ‘M. Grubenmann, Jx-Tafeln Feuchter Luft, published by Julius Springer 
Berlin, 1926 
M. Hirsch, Die Trockentechn'k, published by Julius Springer, B 
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A chart potted with enthalpy and absol 
the coordinates facilitates the analyses ol 
problems by means of the “energy equ 
which has so simplified analysis of all 
The energy equation method, despit 
is really simple and has eliminated a tt 
that were inherent in older methods nalvs 
energy equation is discussed in more detail late 
The chart that wall be used ( 
\: as stated befor he abs 
air-vapor mixture, and the ord ( 
nudity Instead of being vert 
are inclined at an angle for reas 
cussed later Chis not only makes the ! 
able, but also has the important advantage that a 
drawn in this way will have the familiar app 


the conventional chat 
The geometry of the « 
In this section only those few points are touche 


that should be understood in order to us 


Besides Chart A, additional ones will be pul 
later issues and will cover the low temperature rai 
from —20 to +40 deg and the high temper 
from O to 450 deg 

The method of computing the data on wl the chart 
presented here are based was discussed in detat 


earlier article® in which a set of new 


was presented. 


Chart A shows several saturation curves 
barometric pressures. When working on a particul 
conditioning problem, use the satura ¥ 
sponding to the Orne barometri pressure under v thy 
air conditioning process 1s assumed to take 

Ne I | A 





In addition to the elementary uses of the psy- 
chrometric chart—-such as showing the relation- 
ships between dry bulb, wet bulb, and dew point 
temperatures, and relative humidity—it pro- 
vides a simple and enlightening means of ana- 
lyzing many complex problems in comfort and 
process air conditioning, including drying. 

New psychrometric charts covering the low. 
middle and high temperature ranges, with sat- 
uration curves for various barometric pressures. 
are presented here. The general theory of the 
psychrometric chart is discussed in detail, and 
the methods of solving problems by the use of 
charts are described. These new charts 
facilitate solution of most problems and lead 
to clearer understanding of the fundamentals 

















the saturation curves for the remaining barometric pres- for various barometric pressures. Lines of constant 
sures should be disregarded. bulb temperature cannot be drawn on a chart like 


The lines of constant dry bulb temperature slope which is to be used for various barometric pressu 





















f slightly from the vertical and also diverge from each However, the lines of constant wet bulb temperature 
other; the slope of each line of constant dry bulb tem- all straight lines on a chart which is plotted with 
perature is different. As is shown later, the horizontal thalpy and absolute humidity as the codrdinates. Cor 
distances on the chart are proportional to the sensible quently, the few wet bulb lines that may be needed 
heat of the dry air and the superheated vapor mixed with any particular problem can be drawn quickly by mx 
it. If the sensible heat of the vapor were ignored, all of of either of two simple methods that are presented la 
the lines of constant dry bulb temperature would be 
vertical and parallel to each other. Dew Point Temperature 
No lines of constant wet bulb temperature are shown 
on Chart A. The location of the wet bulb lines differs The method of reading dew point temperatures on 
psychrometric chart described here is the same as 
method used on other conventional charts. This met! 
: illustrated in Fig. 1, is based 
Symbols , . : 
see on the fact that the dew point / 
B, = perfect gas constant for air, 53.34 , : . / 
. zuniis and dry bulb temperatures of 
B, = perfect gas constant for water vapor, 85.76 at te ) ate $ - 
c = humid specific heat of air-vapor mixture spenabe _ = are equa : to each « & 
(c = 0.24 + 0.45w) other. The dew point / 
d =density of water vapor, Ib per cu ft temperature of air in the 
ds = density of saturated water vapor, lb per cu ft state represented by point 3 | | / 
° e . . . - a --+-—_——— ae + 
G = weight of dry air, lb per min 1 is to be found. Extend ] 
G" = weight of water, lb per min a horizontal line through / 
h = enthalpy of air-vapor mixture, Btu per lb of dry point 7. Assume that the 
air in the mixture bar : - 29 
: ‘ , — varometric pressure 1s 32 
he enthalpy of moisture in liquid state, Btu per Ib . The hori lh 
; in. » horizont: 
‘dane | ie horizonta line 
h, zenthalpy of moisture in vapor state, Btu per lb of t rough point 7 
vapor intersects the y < 
° , ; ° . S}z 2/2 z 
ho = enthalpy of moisture in any state, Btu per lb of saturation curve A Sle < 
= > 7 a © ¢ » s -: . 4 ™ ne 
moisture ee ee tor a barometric 9s sis SIs 
l = actual length of a line on psychrometric chart, in. pressure of 32 ~ ¥{& g/g 
PrP = total ys pressure, in. of mercury In. at point 2. a ° 
p = partial pressure of water vapor, in. of mercury Tl z 
: ie dry bulb - ee ee : 
fs partial pressure of saturated water vapor, in. of : Fig. 1— Illustration showing method of 
temperature at using chart to find dew point tempera = © 


mercury i i 
’ : . tures of a i i . i “trh 
point 2 is equal » ir at variou barometri 


Q = quantity of heat added to the air or removed from : pressures 
it, Btu per min to the dew point ££ 
q = moisture ratio, Btu per lb of moisture evaporated temperature of the air whose state is represented > 
into the air or condensed from it point 7. 2 
gv = moisture ratio for slope of a line of constant dry If, in the foregoing illustration, the barometri: : 
bul temperature, Btu ger 1 of moisture sure had been 22 in. instead of 32 in., the horizontal 
qs =sensible heat ratio. See equations 6 and 8a of drawn through point 7 would be extended until it int 
a satin of enslettue sected the saturation curve at point 3. For a baromet 
Su = scale to which enthalpy lines are drawn on psy oo. of 22 in., the dry bulb temperature throu; 
point 3 is equal to the dew point temperature of 


chrometric chart, Btu per in. of scale length 
the state represented by point z. 





























Su = scale to which absolute humidity lines are drawn 
on psychrometric chart, lb of moisture per in. of 
scale length Moisture Ratio 
1 = absolute temperature, deg Fahr 
t =dry bulb temperature, deg Fahr A process in which air flows through a chamber w 
t’ = wet bulb temperature, deg Fahr its enthalpy and abso- 
v = specific volume of air-vapor mixture, cu ft per Ib lute humidity are e Woo 
of dry air in the mixture changed is illustrated 
Wi’. = weight of moisture evaporated into the air or in Fig. 2. In this pro- Y y 
condensed from it, lb per min SSO pee ate a 
“pe P “i : cess a constant quan- 
w absolute humidity of the air-vapor mixture, lb of aces ask caer 24 po 
moisture per Ib of dry air in the mixture : : P 
u's = absolute humidity of saturated air-vapor mixture, add ed to 
lb of moisture per Ib of dry air in the mixture the air by Gh Gh. 
6 -=moisture ratio angle. See Table 1. the coil air —e — _ “j 
8 =slope of enthalpy lines and a con- ‘ 
gp = percentage humidity stant quan- 
éx = relative humidity titv of ae 
Subscript “1” refers to the initial state of the sub- steam is Fig. 2—Diagrammatic illustration of an 4" 
stance and subscript “2” refers to its final state. sprayed in- conditioning chamber in which a_ constam 
. ? quantity of heat and steam are added to th 
to the air air flowing through the chamber 
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Chart A—Psychrometric chart for middle range of temperatures from 
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by the nozzle. The process of Fig. 2 could very well be 
used to represent a conditioned room where heat and 
water vapor are added to the air flowing through the 
room. 

Inasmuch as heat can neither be created nor destroyed, 
all of the heat and moisture supplied to the chamber 
must be carried away by the air flowing out of it. This 
is true after the dry bulb and dew point temperatures of 
the leaving air have become steady—in other words, 
when steady conditions have been established inside the 
conditioning chamber. 

After a steady condition has been established, the heat 
carried into the chamber by the entering air plus the 
heat added must be equal to the heat carried out of the 
chamber by the leaving air. 

Writing a heat balance for the chamber, 

Ghy + OV + Wehto = Gh 

G(hza—hi) = O + Who ‘< [1] 
In the same way, all of the vapor entering the chamber 
must be carried away by the leaving air. 


GW: + W Gt 
G (tis — @ ) W. [2] 
Dividing [1] by [2], 
h: — hy O 
aici + he [3] 
Wy: - Wi W 
The quantity | (/, hy) > (w, w,)] will hence 


forth be called the moisture ratio and denoted by the 
symbol g. It represents the quantity of heat added to 
the air per pound of moisture added to the air. ‘This 
quantity of heat that is added includes not only the heat 
needed—if any—to evaporate the moisture, but also the 
heat that raises the temperature of the air itself. Simi 
larly, for a cooling process the moisture ratio represents 
the quantity of heat lost by the air per pound of moisture 
condensed from the air-vapor mixture. In this case the 
numerical value of the moisture ratio represents the lat 
ent heat of the condensed moisture plus the heat lost by 
the air as it cools. The case in which heat is added while 
moisture is removed, or vice versa, is discussed later. 
Let 


hz— hy 
——_=—q .. [4] 
Hence, 
O 
+ h.-= aa ‘ [5] 
W. 


For the conditions — illus- 
trated in Fig. 2 where con- s 
stant quantities of moisture 
and steam are assumed to be 
added to the air, the right- 
hand member of equation 3 2 
must also be a constant. 

When this is the case, / 

the state of the air . 
leaving the chamber / 
can be represented on en 


~ 


the psychrometric chart 


2 


by a_ series of 
points lying ona Pf 
straight line as ~ 
in Fig. 3. This 
is discussed fur- 

Fig. 3—Diagrammatic illustration of 


a : ) > = a . . 
ther mn Ay pen ratio line and ratio angle @ on the psy- 
dix 1. Hf point chrometric chart 
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I represents the state of the air entering the ch 
the point representing the state of the air leavi) 
chamber must lie on the straight line 7-3. Equat 
and also equation 4, is the equation of a stratght | 
the psychrometric chart only if the right-hand » 
is constant. Such a straight line will hencefo: 
called the ratio line. 

Air in the state represented by point 7 of Fig. 3 
the chamber. As it flows through the chamber, hy 
moisture are added, and the air emerges in the stat 
resented by point 2. The state of the air leavir 
chamber is always represented by a point lying 
where along the line 1-3 of Fig. 3. 

The points on a ratio line do not—except for 
special cases that are discussed later represe! 
state of the air as it flows through the condit 
equipment. These points represent only the | 
states of the air leaving the chamber. In other 
if air leaves in the state represented by point 2, t! 
of the points representing its state as it flows throu 
chamber may not be along the line 1-2. The st 
air may follow some roundabout path, but eventua 
air leaves the chamber in a state that can be repr: 
by a point on the ratio line. This is discussed 
detail later. 

The slope of the ratio line depends only upon | 
merical value of the moisture ratio, The formula 


the ratio angle in terms of the moisture ratio is prese: 


later in a discussion of the geometry of the chart 
[Ze be rf ontinued | 





Controlling Quality— 
[Concluded from page 355] 

record. The easy assumption for them to mak 
that a steady line on the chart indicated a steady 
and a line with rather wide swings in it indicat 
vousness on the part of the welder. But he was 
independent and cheerful nature and did not s 
explain what the zig-zag lines indicated to one acqt 
with voltages, heats, and welding positions. 

Unfavorable features in the present use of the a1 
graph appear to be that: (1) It does not recor 
tively the presence of isolated defects ; for instan 


possible to build in an air pocket and yet avoid hay 


appear on the chart. (2) The very desirable n 

notes are a little difficult to make while the char 
motion. (3) Technique patterns have not been » 
out as extensively as might be desired, especial 
welding in difficult positions. 


The favorable characteristics possessed by the arc: 
graph as an instrument for checking the welding o! 
in the field appear to be that: (1) It records direct! 


varying voltage conditions, both good and bad 
which the weld metal is being deposited. (2) It 
indirectly a moving picture of the welder’s moven 
handling the electrodes. (3) It can be moved 
easily and gotten into difficult positions. (4) 
required to operate the tube circuit is easily a\ 
(5) The record is available the instant it is pr 
(6) The cost of charts and current for operating 
strument is low. (7) The psychological ette: 
welding operator of having a mechanical devi 
tinuously recording his performance is that he w 
ably put forth his best effort continuously. 
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| United States Housing Authority 


Releases Information on Heating 


HE following material is reprinted from a_ bul 
letin of the United States Housing Authority on 
The 


paragraphs 


the heating of low rent housing projects 


here are the introductory 


sectrvons 


Part 1 on economic analysis. 


given 
The tollowing parts 
lesigning the heating system, preparing the contract 
«uments, and fuel consumption formulas will be pub 
ed in succeeding issues.— Tue Epirors 


yective—Heating systems for low rent housing 
lve a variety of considerations, with one basic put 
th prot AYIOL. of heating at thr least Pos 


Ost Tile of Suttal 
} 
cost to the tenant 


This objective is implied by the 
nited States Housing Act of 1937, which requires rents 
financial 


ncluding the cost of heating } to be within the 


reach of families of low income. Since the heating ex 


pense may represent a very material portion of the total 
ent, or total expenditure for rent and household oper 
tron, economy in operating costs of the heating systen 
s essential. 

Selecting a Method of Heating—What 


heating and what type of heating system shall be used 


method ot 


Shall there be individual tenant operated heating units 
w shall heat be supplied from a central source outside 


the dwelling unit? These are questions which must b 


irefully considered The choice should not be an arbi 


The advantages and disadvantages of ea 


tvpe and method should 


trary one 


be carefully weighed. For ex 


imple 

The individual unit places the responsibility for fuel 
nsumption squarely on the tenant. It is obvious that 
when he pays directly for the fuel he consumes, he will 
I economical in his adjusting his 


use of heat. 


onsumption to his actual need and to his 


pay Moreover, the assumption of this responsibility 


capacity tO 


tends to make him a more responsible tenant in his other 
relations with the project 
On the 


in warm climates, the larger project operated plant will 


other hand, we nevertheless find that, except 


iten cost less in operation, as it operates more efh 


ently, is usually equipped to burn cheaper grades ot 
iuel, and fuel and supplies are purchased in larger quan 
Moreover, flats 


tities and hence at a much lower cost. 


= and apartments do not readily lend themselves to indi 

. vidual tenant operated plants, except when gas is avail 
ble at a low rate. In cold climates there is also the 
langer of freezing the plumbing if the tenant fails to 
keep the heating plant operating. 

(hus there are many factors to be evaluated and vari 

® ous methods of heating to be considered before arriving 

® at a decision. At the outset, a survey of the methods 
which are suitable to the climate should be made and as 


= mar as p ssible of the factors affecting the choice 
The 
r the scope of the analysis, the greater the assurance 


the ultimate decision will be the best one 


should be evaluated in terms of dollars and cents 


ause of the technical considerations involved it is 
usually important to have the services of a qualified heat 
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(7) Effect on tenant responsibility. (8) Local practice 
and availability. (9) Climate. 

Some of these factors relate to the type of system, 
some to the fuel, some to both. There may be other 
factors in particular cases. 

D) Types of Systems: (1) Individual Tenant Oper- 
ated Unit—In regions requiring only occasional heat, 
this should be the favored type. In climates more favor- 
able to the project operated plant, the comparative econ- 
omy of total fuel costs and the difficulties of fuel stor- 
age and handling must be considered. 

Coal is usually consider ed impractical for use above 
the first floor, since it requires storage space and means 
for ash disposal. Unless provision is made to enable 
the tenant to purchase it at close to the wholesale price, 
its use will often prove uneconomic except for the stove 
type of heater. Soft coal presents a smoke nuisance. 

Gas presents no storage or handling difficulties and, 
when low enough in price, makes the individual unit 
available for any type of dwelling. 

Onl causes storage difficulties due to the fire hazard 
involved, except when basements are provided. 

The common types of individual units and character- 
istics which affect their use are: 

a) Fireplace or Circulator—When cold weather is oc- 
casional and not severe, this is the only method of heat- 
ing which is justified. Fireplaces may be the ordinary 
masonry type or may have a metal chamber to permit 
the warming and circulating of air, and may have ducts 
to other rooms. Circulators may burn any fuel, depend- 
ing upon local practice, availability, cost, and storage and 
handling facilities. 

b) Stove—Does not permit uniform heat distribution 
or temperature control but may be suitable where very 
low cost and very low rent are the aims. 

c) Gravity Warm Air—Low first cost; minimum of 
maintenance and adjustment; basement space required. 
(1) Pipeless: Very low first cost; distribution only par- 
tially effective; basement space required. (2) With 
ducts: Distribution more effective; ducts require space 
and replacement. 

d) Forced Warm Air—Distribution most effective ; no 
basement required; when gas or oil fired needs very 
little space ; permits air filtering, humidification and auto- 
matic control at some increased cost and maintenance. 

e) One Pipe Steam with radiators: Slightly higher in 
cost than gravity warm air; requires basement space. 

f) Hot Water: Slightly higher in first cost than one 
pipe steam; very satisfactory in operation, particularly 
when a steady, moderate supply of heat is wanted ; 
quires either basement or fire retarded utility room. 

2) Central or Group Project Operated Plants—The 
major factors. favorable to these types of plants are: (a) 
Concentration of dwelling units in flats and apartments 
and to a lesser extent in row houses. ()) Climate re- 
quiring nearly continuous heating for four or more 
months. 

The decision between a single central plant and two 
or more plants, each serving a group of buildings, will 
be affected by: (a) The size and arrangement of the 
development and its topography. (b) The types of fuel 
available at low prices. (c) Labor rates and related 


factors. 
A large central plant will usually require a separate 
building and high chimney. Although this may be un- 


desirable for zsthetic reasons, the delivery, storage, and 
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handling of coal and the disposal of ashes can lx 
ciently handled in such a plant. 

Group plants can usually be located in basements 
chimneys related to the buildings; fuels such as 
gas may be readily handled, regardless of the nu 
size and location of the plants. Group plants sho 
interconnected, wherever feasible, to permit more fle 
operation and consequently greater economy in t! 
demand months. This is particularly important 
coal is the fuel. The site plan should therefore lx 
ranged to permit nearly uniform sizing of the g! 
plants and their location for economical interconnect 

While these plants commonly distribute heat t! 
radiators in each room, at least one housing 
has successfully utilized the steam space heate' 
used for non-residential heating. One unit heate! 
sisting of a steam coil over which air is blown by a! 


driven fan, is used per dwelling unit. The cost for ra 


ators, valves, and piping is reduced, but shorter |it 
pectancy and motor repair for these heaters must 
considered i 
will be found under “Steam Space Heaters.” 
Heating controls of the “continuous flow” 
and off” and combination type used in group o1 
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fuel costs. Design factors are given under “System 


Heating Controls.” 


Part 1—Economic Analysis 


A) Comparative Cost Analysis—Several _ suitable 
ethods of heating having been tentatively selected, 
mparative cost analysis should be made in order 
etermine which will result in the least expense to the 
nant. The underlying principles involved in this analy 
ws are simple and require no explanation. There are, 
owever, certain common errors concerning which a re 

inder may be helpful. 

Perhaps the most prevalent mistake is to overlook 
of expense which are pr | involved in the 
ise of a specific type of fuel or heating plant. If, for 
xample, coal fired gravity warm air systems are being 
msidered, the cost of a basement or other space, coal 
torage space, chimneys, and possibly additional roads 
t the delivery of coal and removal of should be 
neluded. 
lf individual, group and central plants are being com 
pared, there should be included not only 

ollers, breeching, auxiliary equipment, and piping, but 


to 


tems 


ashes, 


the costs ¢ if 
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fuel 
of boiler and storage rooms and smoke 
insulation of boiler room ceiling 
cost of supply and return mains, 
and heat insulation and trenches or 


also 


storage space or tankage, 


There 
witl 


construction cos 


Sti 
nk 


} ? 


buildings and lines to hot water heaters 
The central plant should be charged with its building 


and smoke stack, 


as well as complete plant, 


and return systems, and possibly cost of 


if additional land has to be acquired 
central plant. 


With respect to items such 


as 


placement, the expense for which may vary widely, 


greatest care should be taken 


maimntenance 


to avoid estimates 


their 


tunnels to 


hea 
the 


ick, 


t\ also be 


and 


distributior 


suppor! ts 
nearby 


] 


land occupied 


to accommodate tl 
and re 

th, 

whicl 


are either unfairly pessimistic or unduly hopeful 


In general, the present prevailing costs will form the 


but unusual 


the 


basis of computations, 
should be discounted and 
pated wherever possible 
B) Analysis 
paring the economic heating analysis are 


long rat 


Forms for Convenient 


These are designed to facilitate separate 


and fuel costs. 


Following are the items which are included in the 
attached economic analysis charts to determine the in 
tial costs and annual operating expense 

Ta l Init ( ) 
Central-Group-Building Plant 

1) Radiation and/or Pips t Heaters, 1D) ‘ 

m Buildinas. Cost ot heating system within the buildings i 
of equipment, auxiliaries and piping within the boiler room. Ra 
ation can be estimated by reference to Table f the charts 

B) Distribution (Yard) Cost of underground piping installa 
tion 

() Plant Equipment. Cost of equipment, auxiliaries and piping 
within the boiler room \utomatic firing and fuel handling equip 
ment should be noted separately Building plants might cle 
one boiler room per building or one boiler room per two or thre 
small buildings 
('nit Plants 

D-E-F-G) Cost ot heating equipment i vidual plant 
only. Items 2), & and F might apply to warm air systems or cir 
culators. Vents under 2) include fresh air connections lten 
I, F and G are applied to steam or hot water heating sten 
Central-Group-Buildin ‘mit Plants ( Related cms 

Hl) Plumbing ( nnecrions ( t t Vater and lrainawe f 
quired tor heating system 

1) Gas Pipy Cost of proportionate share of gas piping aj 
plied to heating system 

J) Electric Outlets. Cost of electrical work necessat t 
heating system 

AK) Chimneys. Cost of masonry flues, stacks and foundati 

L) Structures Cost of structures, additional t iwelling 
facilities, necessary to house boiler and auxiliary equipment for 


pri c 


gr 


; 
( 


at 


an 


condition 


tre nd anti 


rms tor pre 


tached hereté 


( 


ilysis of plant 


central, group or building plants; closets, utility rooms, parti 
tions, etc., for individual dwelling unit plants 

WV) Fuel Storage Cost of tacilities for storing tue I une 
oil tanks concerned with the immediate operation of the plant or 
plants need not be included here 

\) Extra Roads. Cost ot extra roads required in the delivery 
of fuel or removal of ash 

O) Net Initial Cost (Heating) Total of above items, eacl 
of which should include the sub-contractors expense and profit 
However, it should not include genera! contractor's added pet 
centage 

P) Gross Heating Cost. Net imtial cost plus general contra 
tor's added percentage 
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Domestic Hot Water 

Q to X inclusive) Costs of supplying domestic hot water. The 
same procedure should be followed as outlined heretofore for 
heating. It is necessary to note that when domestic hot water is 
supplied through generators, deriving its source of heat from boil- 
ers used also for space heating, the cost of the extra boiler capac- 
ity and heating distribution should be included in Items A, B 
and C. 

Y) Gross Cost (Heating plus Domestic Hot Water). The 
summation of Items P and X. 

a 
Table 2—Annual Operating Expense 

Heating and Domestic Hot Water 

a through d) Maintenance, Repair and Replacement. The 
product derived by multiplying the initial costs from Table 1 by 
Related 


items generally refer to plumbing connections, gas piping and 


the factors set up for the respective items in Table 4. 


electric outlets. 
e) The total of all maintenance, repair and replacement 
expense, 


f) Fuel. 


consumption, which are incorporated in this bulletin. The influ 


Formulas have been prepared for estimating fuel 


ence on the rate structure in the use of gas for space heating and 
domestic hot water in coordination with that required for cooking 
Where the 


electric consumption for the operation of auxiliary heating equip- 


and refrigeration should be applied in the analysis 


ment is a substantial amount, its influence on the electric rate 
structure should be thoroughly considered. 


1) Labor. 


necessary to employ the services of a competent first class licensed 


In high pressure boiler plant operation it may be 
engineer. Local regulations may require such services continu 
ously while the plant is in operation or for supervisory purposes 
only. In the latter case a portion only of the engineer's time 
might be devoted to the plant. In any event, it might be advisable 
to charge at full time the services of second class licensed 
engineers, 

In low pressure plant operation licensed men are generally not 
required unless stipulated by ordinance or labor organization 

When plants require 24 hr daily operation, the personnel pet 
shift (with the exception of the chief engineer if permitted by 
regulation) can be multiplied by 3'4 times, which should com 
pensate for relief time. If, on the other hand, the plants do not 
require operation on this basis, the staff could be reduced pro 
portionately, with the necessary relief labor of approximately 
16 2/3 per cent per man added. It is advisable that in preparing 
an analysis of different heating schemes before a selection is 
made, only that portion of the firemen’s services actually re- 
quired in the operation of the plant need be applied to it. 

h) Ash Disposal. The expense of removing the ash from the 
project. 

i) Electric Power. The expense of kilowatt hour consump- 
tion of all electric motor driven equipment. 

1) Water and Supplies. The expense of water incidental to 
plant operation and supplies such as waste, lubricating oil, etc. 

k) Net Annual Operation. The total of all operating expense 
(Items e through /). 

l) Net per Room per Year. 


k) divided by the number of rooms. 


The net annual operation (Item 


m) Net per Room per Month. The net monthly operation di 
vided by the number of rooms. 

n) Debt Service. The product of 0.0017 (which is the differ- 
ence between the annual subsidy of 3.5 per cent and the interest 
and amortization of 3.67 per cent) by the Gross Costs in Table 1 
of Heating (Item P), Domestic Hot Water (Item X) or the 
total of Heating and Domestic Hot Water (Item )), dependent 
upon the nature of the analysis. No allowance has been made in 
the chart to compensate for any changes in these rates, since the 
influence of such fluctuations on the heating and/or domestic 
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hot water per room per month operating expense wor 
negligible. 

0) Gross Annual Operation. The summation of Items | 
per Month, 


pP) Gross per Room | The gross monthly ope 





divided by the number of rooms 
C) Selecting the Fuel 
in a large measure on local availability and cost. ( 


Choice of fuel is depe: 











considerations are cleanliness and ease of handling 
the choice of fuel may affect the site plan and the 
agement policy, an early fuel cost analysis shou! 
made. A recommended form for preparing su 
analysis is included in the “I:conomic Heating An 
chart attached, additional copies of which may 
tained upon application to the United States H: 
Authority at Washington, D. C. 

Low fuel prices are generally required to mak« 
vidual heating units practical. There are several 
in which retail fuel prices may be lowered: pur 
by the project at wholesale prices and resale 
tenants; group purchase sponsored by a “Tenants 
i purchase through the department 


The cost 


ciation”; or 
makes municipal purchases of fuel. 
dling fuel, including storage, weighing, deliveri 
billing, must be considered in any study of fuel 
chasing methods. Fuel storage by the tenant ma 
stitute a problem. 

In the selection of fuel, especially coal, conside 
should be given to a possible rise in price. The 
of coal today is lower than it has been in a num 
years. 

7 [To he ntinucd 





Maps Aid Air Conditioning Development 


N the March, 1938, HPAC, a market study 


conditioning was described under the heading 


Conditioning Becomes Locally Competitive.” | 
connection a map of Chicago's busiest outlving 
Halsted Sts.. was giver 


+} +] 


map showed the location of each store, with th 


cial district, 63rd and 


address, and types of business indicated. The ai 
ditioned stores, of which there are 38 within tw 

in each direction from the corner of 63rd and H 
were shown by diagonal lines (cross hatching ) 
map is considered useful to air conditioning equi 
manufacturers, sellers, and promoters. Direct 

campaigns are helped considerably with addressi 


formation supplied in this manner. ’ 
Eighteen Air Conditioning Centers 


In furtherance of this idea, and because the 
proved so helpful, another map of one of the 
business districts has been prepared. This dist 
known as Roseland, situated at 112th St. and S. J 
Ave., about 12 miles south of the “loop.” In th 
it is intended to develop such a map for each |! 
section where air conditioning has shown the m« 

In all, there are 18 such centers in | ¢ 


acceptance. 
where air conditioning is being received actively 
ilar maps of these 18 centers should represent tl 
of the citv’s commercial air conditioning 
WittraAmM P. Rock* and Knicut C, Porter*. 


*Air Conditioning Div., Commonwealth Edison ¢ 
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Estimating Labor Costs 
for Piping Installations 


By George E. Deatherage 


HERE are three piping labor estimating methods is, accurately determined fro the take { 
(1) Estimating the actual materials in the job greatest unknown fa he lab \ 
plus the labor calculated as a percentage of the this discussion is that of welded 


aterial. (2) Estimating the actual material required, treated separate 


lus the labor as figured from unit labor operations, suc} In using this met] | tl mar 1! e( 





iS the number ol threads to cut, number of welds to iorm each separate peration are estimated I 
ike. etc. (3) Estimating the actual material on the method will entail separate figures { ea 
bh plus an estimated labor amount for each line o1 each tvpe and size of pine. and w 
ranch, the basis of which is the practical experienc ind material of the fittings. These unit ‘ 
judgment of the estimator. ueeet tes teen’ on anreenie + 
enormous amou of clerical lab 
The Percentage Method when secured. thev cannot be use 
{ tent CXC? T lh hie | ] { 7 
is { S that he ratio of ‘ ) ni rials is a 1 ] | 
| bviou that the il f labor to materia a Several vears ag the Lut 
wiable factor, depending upon the labor rate, material rrive at individual unit onet 
' ‘ «i iy a iit , i ial ‘ ( 
ces, efciency of the labor, job conditions, type and Se A anes yt IRENE Eee ae Se 
mber of hangers and supports, job interferences, and ith 
. e gern i | DOs 
er such factors \ny percentage figures selected aré ad gate om eoumrel feces indeatel 
und to be more or less approximations, with the pos ‘ming ren! had’ »¥ 
2 I pip ny ( CSCTIL al ij) } 
ile exception of their use by some firm that specialize ~ thouch the . . ‘ 
one piping classification, under practically the sar the same general type. and large et 
nditions An illustration of this might be the piping ; ; a 
I Os any eX per | MAKE Tiss 
i. standard boiler set-up on a new installation, whe ; : me - 
amount and type of piping is always the same. Eve1 nm mast veai pheno “ o 
‘ - ‘ . * 4 ode = . ‘ 
re, labor rates, treignt rates and rob conditions \\ , ; ' ’ 
- : MCT CATT I¢ (>? rie¢ si? ( 
use differences However, the yvreatest ybstacle 1 . fi > on smte tne h « 
is method 1s the attempt to use it on differe:t piping sale eee ee ee ees 
issihcations. Certainly no one would think of usi welded alent sided stainins en ( 
e same labor to material ratio for both ferrous and ot weed auton | ; ~ ry) 
Lif «ll itl ‘ t Ca ‘ - 
lerrous piping, or for complicated instrument piping atti ‘uimmiies tenet tor Gad then eonte one 
1a welded steam line. Nor could the plant maint ninine clessit 
1) YY’ ClassIiCa 
nce engineer use the same ratio as the contractor. This >The main operation ere hrolres 
ethod can only reflect accurate costs in few instances, ' ' 
| must be used with extreme caution. 1 4 ‘ aes 
; ¢ miscellaneous labor operations it appr 
Cost keeping, using the percentage method, becomes a . ' ' te] 
: rol pitt ire not bast piping wu ‘ abor operat ’ ~ 
ple procedure as compared to other methods, for al : : as 
. = ards tor Clamps angers. rollers, pipe support et 
it is necessary 1s to total the cost of the piping mat 
; " create 1 ree c| ( ) 
us and the labor that was required to install it. How 
- : . SVstle | ra uy ( it ) 
er, few contractors keep books in an exactly similar 4g 
aie : | wit ul to be created ( : ( 
iner, and one may include items as labor that an 
. . . ‘ ul ~ i | 
er carries as overhead. One might list compensation 
surance as part ot his labor cost, and another mig! 1 ” P 
ry it as an overhead item, or even in the material > ' 
um The percentage method, therefore, to bk Sy ; 
‘ ] ] ‘ ‘ 
sta lars 7 ! ( ( 


iximum value involves the use of figures deduct 
e same set of books. Insurance items aloe m 
+} 





e figures off as much as 10 per cent. 


Unit Operation Costs The author follows up his discussion of prepar- 
ing the piping estimate in the April HPAC with 


this general review of various methods of esti- 





the percentage method, we assume when using 
peration.ceete that the materials cost can be. and mating the cost of labor in piping work. 
He classifies the methods as the percentage 
n Engineer Mr. Deatherage has been in charge t ce method. unit operations costs. and materials 
s ting and mstructior f mechanical installations er a pe . . 
field, plus estimated labor for each line or branch 


25 years, most of his experience being in the piping 
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POPP on =~ = nwo tnvwnoaivon extensive industrial piping jobs as we know them to 
a SO eS ee Deor. 
RE ee: (SRR oot. , , - 
———— == Materials Plus Estimated Labor for Each Lin 
Workman Description of Worx Hours | Rare | Amount 
———] __Batance Brouswt Forwaro | This seems to be the most practical method, bot 
| 4 ey ee estimating and in recording job costs. If the line 
Cate Cee ea. RO oes chide: Piet A branches on the general piping plan have been numb» 


checked by the percentage method. 


«he - = e4- - =~ 











lar small operations might be so handled, but not 


_- : the material can be taken off separately for each of 1 
and priced, and the estimated man-hour labor ca: 
The piping for 























: Total This Ticket Pag! 2 per 

sheets, isolate the larger items of unit operation and 
Total Carried forward. : ' , ; : 
Ee Me: i ag MSE TEI! a value on them, adding what in his practical judgn. 
will be the man-hour labor to perform the balanc 
Fig. 1—Ticket for recording labor time the work. Cost keeping then limits itself to recor 
the total labor on that line and branch against 
; — ONS ; estimated. 
and makes of valves and fittings, standardization of gas- serene : 
If the estimate has been broken down into complet 


ket types, and a hundred other economies that were not 
In the main however, it does not 


previously apparent. 


seem that any universal method of valuing unit fabrica- 
tion and erection costs that will embrace the whole cate- 
The variables 


gory of piping in general can be expected. 
are too many and the cost of securing and checking them 
greater than the benefit to be derived. 


Repetitive simi- 


can, by looking over the individual line and the mat 


detail, as it must be if it is to be accurate, such iten 
pole supports, hangers, expansion loops, cutting |} 


excavation, handling and setting equipment, etc., apy 


as separate items for each line. As the materials 
priced individually, so is the labor. 


each item is considered by itself in making the 


The mere fact t 


Fig. 2—Forms for recording welded piping costs 
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Piee Wetoine -Acrvat Lagor Cost ~FORM A 
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Welds | Sketch 
Number 


Type 
Kind| S| X \No.| Size 


S/ze 
Liwie 


Lire 
Number 


Rermarks 






Employees 
| Nwmber 
| 


Testing Dae 


M\A\M \|H 













PIPE FABRICATION ~ ERECTION ACTUAL LABOR CosT-FORIYE 


CHARGE FOREMAN COST ENGINEER DATE 





Hours 
Employees | Fae | Ertn.| Test 
Number 
H\iM\H\|M\H 


; “Vartrity Toda 
Lime @ aed Y 
Number 


Type | Size Ee Remarks 


Lin. Fgs.| Ells | Tees ewes 


Feet 





Pipe Suprorrt Acrval Labor CostT-FORM C (Does Not include Pole Pipe Supports) 








































































































CHARGE FOREMAN COST ENG/NEER DATE as 
O04 | BN | OO Misc. 
Employees | Line |\ Size P ime . /dle 
Number. \Nurnber\Line \Wanger | Bracket | Clamp | Brace | Chair | U-Bolts| Roller Time 
SIFIE|SIFIEIS|FIE|SIFIEISIFIE|SIFIE | SIF IE ISIE IE | Wt Bid 
— * rr - ee ee ee eee 
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timate reduces the chances of any large error creeping 


as is likely to happen with the percentage method and shar s, in good practice. fabricated 
One may extend the cost keeping from line or brancl which if numbered and cat 

ding the individual labor item costs for each classi ence. pe s ob - ane ag Ty 
ation or separate unit of work as it appears on the 


timate. One may go as far as desired in checking th. | fabricat 





tual labor against that estimated hued Gate Gileltete aad tusk eeokd seem 
\ simple method of cost keeping is to have a ticket actual weldins 
Fig. 1) made out tor each classification or item o Actual cost m 
k appearing on the estimate, on which is charged EE ERE i ONE 
e man-hours spent on if for the day The total labor is completed bv le 
the previous day ts added to the ticket, and the result welll d Ie Si Riad atta si grt 
continuous total of the labor spent to date on that il etdiy ites ini ws oe : 
cturers ibles ‘ veri 
Welding Costs te alia cals Steak 
melucl stl ior cutty tity ‘ ‘ 
Welded piping, by its very nature, is reduced to a a die Ladle rae 
smaller number of basic labor and material units. meat veldir e “ . | 7 
fewer operations This, coupled with the fact that ) e neo as p . ' : 
ost welded systems can be largely fabricated in the ——s ~ © 
- , experience Outsice i 
shop under definite shop conditions and control, and ther : 
: +9 inh COSTING on 1 Ss tvine WOT 
taken to the job and assembled by the means of field a : 
welds or flanged connections, permits the practical use of —_— wy = 
unit prices per operation These costs, therefore, are uctula — miy OF The pipe 
broken up into two main sub-divisions: (1) Shop fab1 a welding | 
ition costs. (2) Field assembly costs lf a shop . balance of the worl Li é 
maintained, it is assumed that a bookkeeping svstem is bevels, tack welds, rolli 
in effect, similar to that of any commercial machine shop definite opera s the « 
wherein accurate prece costs are available. and that the Same tor ens S17 vi , 
preciation and overhead are known factors which Kig. 2 s 
ter into these costs | 7 ef < 


The Consulting Engineer in Modern Construction 


r } } } 
| place of the consulting engineer in modern cot iscipline 


struction was discussed at the annual dinner meet 


ng of the consulting engineers division of the Western Mir. Hart discu 

Society of Engineers on May 15. The speakers included ulti er i ating and air « 

H. T. Heald, president of Armour Institute of Tec! He pointed out that the engineer is called uw 
logy; Harry M. Hart, president of L. H. Prent to pre ertall nit 

Co.; C. R. Ege of the Portland Cement Association 

Robert FE. Hattis, consulting engineer. qualifications of consulting 

Mr. Hattis said that he has rarely found an ownet . ; 

an architect who, due to short-sighted policy, had iit dees tees int alles 

iy experience in building without proper engineering 

issistance, and who did not agree that it was expensive 


to do without such assistance. In building constru 


ion the owner profits, the architect enhances his re puta 
and the contractor is able to do a creditable 


i profit where thorough engineering has properly 


ated the work. 


ol I} 
He quoted from an article by Di 
Morgan, until recently director of the Tennessec + 
lley Authority, on the subject of conclusive engineet SHOKE 


ng analysis. In his article, Dr. Morgan pointed out ind electrical wot 


i 


appheation and importance of conclusive engineering = 


nalysis and said that very often the weakest phase of x a ee See SN ; 
ngineering is not in refinement and accuracy of plan aa ‘ ep 
ing—important as they are—but in the preliminary eis Miss 1 saa ectgp 
ess of determining the general character and de a Sfoerlag yee 

sign of engineering undertakings. Dr. Morgan felt that 
there is room in many fields of engineering for the spe 
whose outstanding ability is creative imagination, 
lined by engineering principles and experience, and 


in use that special ability with such order and tor to that of remedyi 
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Studies of Various Firing Equipment 
Included in Air Pollution Survey 


By Frank A. Chambers* 


Hk Works Progress Administration recently em- 

barked upon a comprehensive air pollution survey 

of Chicago and vicinity which is sponsored by 
Armour Institute of Technology, Lewis Institute and 
the city. The survey is a fact finding investigation, and 
it is hoped that through it suspicion, theory and pred- 
judice concerning the possible harmful constituents of 
the atmosphere will be supplanted by definite established 
data as to the nature, composition, and effects of con 
taminants in the air. 

The survey consists of six inter-related studies of vari 
ous phases of the air pollution problem: (1) Visible 
smoke. (2) Dust and noxious gases in the air. (3) 
Origin of dust and noxious gases. (4) Ultraviolet and 
visible light penetration through the atmosphere. (5) 
\bstracting scientific literature dealing with air pollu 
tion. (6) Collection and codification of legal opinions 
and decisions affecting air pollution, 


Study of Smoke 


One division of the work is a study of smoke produced 
in all sections of the city by various classes of plants, 


employing many types of fuel burning equipment. The 
data obtained will be used: ° 
(1) To compare the relative amount of smoke made by vari 


ous classes of plants such as apartments, residences, boats, rail 
road, industrial and metallurgical. 


2) To compare present smoke conditions with those exist 


{ 
ing during periods when previous surveys were made 


(3) To compare relative air pollution in different sections 


of the city 
(4) To correlate smoke produced with various types of 


equipment and fuel 


In this division approximately 250 men have been 
They 


assigned the duty of making smoke readings. 
work in staggered shifts so that a complete 
performance of a stack can be obtained for 

a typical day running from 6:00 a. m. to 6 
p.m. The information so gathered 1s tabu- 
lated and recorded on master punch cards. 
In addition to the smoke data, information 
on combustion. conditions is recorded on 
each punch card, which represents an indi- 
vidual plant. With the aid of statistical 
machines, many statistical correlations are 
being made. 

It is possible to obtain a correlation of smoke with 
any of the multiple possible combinations of type of 
plant, kind of fuel burning equipment, type of boiler, 
kind of coal burned, cause of smoke and atmospheric 
conditions at the time smoke was produced. In other 
words, at the end of the survey it will be possible to 
report on such problems as: 


*“Deputy Smoke Inspector in Charge, Department of Smoke Inspex 


tion and Abatement, City of Chicago 
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(1) The relative ability of various types of stokers to 
ate smokelessly. 

(2) What difference exists between the various typ 
boilers in their ability to operate smokelessly. 

(3) What difference in smoke emission exists betwee 
firing and mechanical firing. 

(4) Variations in amount of smoke made by different { 

(5) Variation in amount of smoke made by different 
burned in different types of equipment 

(6) Principal causes of smoke for various types of 
ment. 

Contaminants in Air 


The second division of the study ts an investigat 
of the contaminating constituents oft the ait \nal 
of concentration and particle size range of solids 
pended in the air are being made. Determinations 
being run of the amount, composition and nature of 
dust settling upon the ground within the city li 
\n attempt is being made to determine what per cent 
this total amount originates from non-fuel-burning 
tivities, for it is known that the air contains many s 
particles that originate from such sources as wea! 
rubber tires on heavily traversed streets, sand and 
from stored building materials, rusting of iron and st 
and many similar sources. At times dust storms 
the midwestern plains have carried dust into the « 

Deposited dust is being examined under the n 
scope and with the aid of the spectroscope in an ef! 
to find a method for identifying the source of suc! 
posit. It is hoped that a new technique of soot ident 
fication can be developed which will be of value t 
pollution authorities. There is some basis for th 
lief that each individual fuel burning plant leaves s 
distinctly characteristic marking upon the soot part 
that its stack discharges. If a method of “finger 
ing’’ soot particles can be established, the work of s1 
prevention officials will be simplified in t 
effort to trace the origin of soot nutsai 
It is the intention of the survey to por 
in this study. 

The concentration of sulphur compou 
in the atmosphere will be determin 
selected representative locations undet 
ing weather and wind conditions. Thx 
tivity of these corrosive constituents wi 
the subject of an intensive investigatior 


Sources of Contamination 


Closely linked to the survey of atmospheric pollut 
is the study of the sources of such contamination. 
problem of excessive fly ash discharge by forced 
firing equipment is of concern to smoke abatement 
ficials and to manufacturers of firing equipment wh 
required to conform to the regulations of these off 

[Concluded on p. 370] 
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| Rockefeller Center Adds Refrigeration 


By C. W. Walton. Jr.* 

































































for Increasing Air Conditioning Load 









































O meet the air conditioning requirements of the plant were provided to take this load. | ea 
most recently added buildings at Rockefeller in cooling requirements in the Time fe bi 
Center, New York City, the original plant situated necessitated an additional interchanger. S eous 
in the International building has been expanded as a cen more cooling units were added in th ( 
tral plant by the addition of a new 800 ton centrifugal ing, so that by the end of the 1938 O00 
refrigerating machine. The original plant comprised ton plant was well loaded 
© three 300 ton centrifugal machines in the sub-basement, Then the latest unit, the Associate 
= with cooling towers on the roof. Space was provided (No. 7) was constructed; it will requir 
in the original design for the addition of refrigerating refrigerating capacity during the 1939 
capacity and for more cooling towers, and the piping It was decided to put in the 
in general, was installed to allow for such expansion International building in the spa 
rhe piping diagram of Fig. 1 shows the original lay been provided, as could be conveni 
ut. It will be noted that facilities were provided for provide the cooling capacity require est 
supplying chilled water to various floors throughout the for load expected in the near futur 
building, so that summer cooling could readily be ob Some modifications of the piping 
tained anywhere by simple, small central systems com lade to provide chilled C1 
prising fans, filters, coils and duct work with the tems which operate unde tere é 
necessary controls. This selective cooling system was lig. 2 indicates the schenx sf 
divided into two zones and separated from the low noted that the pr syst s 
pressure primary system by means of interchangers. low pressure system wit tere ers 
F When the Time and Life building (No. 5) was con sures to an interme te essure 
structed, there was still ample refrigerating capacity in changers f e Om ira 
the International building ( No. 6). Hence, no refrigera extremely high level svstems \I 
tion was added at that time. \n imterchanger was mits are equ ‘ \\ extel 
installed in building No. 5 for the stores’ system and coils except for the stores 
chilled water pipe lines from the International building which are of the spra e: hence 
* Mechanix Engineer. Rockef« Center, In ire ‘ ™ CANCE ‘ cM rm ‘ 
— — ae p= a ee —— —E a 
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Air Pollution Survey— 


[Concluded from page 365] 

there exists a demand for a simple method for making 
such determinations. The ideal test procedure should 
be readily adaptable to numerous stacks, take a short 
time to run and require the use of analysts of but shght 
technical training. No such method exists today. More 
over, no procedure has been accepted as standard. Sev 
eral of the most promising methods are being used and 
it is hoped to find a suitable procedure. These fly ash 
determinations will be made upon the many combina 
tions of boilers, firing equipment and fuels in use in the 
area so that conclusions can be drawn concerning rate 
of burning, furnace volume, turbulence, heat release, 
length of flame travel, initial and sustained temperature 
during flame propagation, re-radiating surfaces, water 
cooled surfaces, water cooled walls, fuel feeding equip 
ment, size of coal, kind of coal, zoning of air blasts, 
baffling of boiler, and size and location of ash settling 
or collecting chambers. 

The information obtained from this study will be made 
available and should be of value to the fuel user and the 
designing engineer. The advent of the now widely used 
spreader stoker has produced complaints of excessive 
fly ash discharge. Certain cities have gone so far as 
to ban the installation of such equipment. However, 
such action may result in higher cost of steam generation 
\ study such as this will undoubtedly lead to the estab- 
lishment of definite facts as to what conditions will pro 
duce excessive fly ash discharge and whether abatement 
can be secured by the installation of dust collectors. 

In addition to the determination of fly ash loadings 
from typical boiler plants, the following studies of sul 
phur compounds will be attempted : 


(1) Variation in concentration of SO: in flue gas under dif- 
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arrangement were 


arrangement. 


under construction 


too distant future for 


in existing buildings 


terent load conditions in the same plant, burning 


(2) Variation in concentration otf Sh under 


conditions, but with different types of equipment 


given fuel. 

(3) Variations in SO. concentrations in flu 
stant load and equipment with various fuels 

(4) Percentage of sulphur retained in wast 


grate 


(5) Cause of visibility of discharge from chimneys 


high sulphur coals. A few years ago engineers 
department showed that stacks serving plants 


sulphur coals discharge a visible emission which 


’ 


light white haze to an almost opaque white clou 


erlands building (No. 
Still 


additions are anticipated in the 


Modifications of the piping 





made 


anot 


further air conditioning 


same 
harn: 


The plant was operated 


was completed last month. 


interchangers and pumps origi 
installed were adaptable to the | 


partial load conditions in April, 


R. Place was the consulting e 
neer, and Buensod-Stacey Air ¢ 
ditioning, Inc., the contractor 
Further additions to refrigerat 
capacity will be needed for the 
cooling season to meet the incr 
ing load conditions in existing bu 
ings, and for the new 15 story N 
11) 


turt 


eT 
large building ( No. 8), and for 
~ 


dem 


a QIN 


ot ti 


servation led to the theory that such visible emission 


to the condensation of sulphuric acid in the flue 


tempt will be made to establish the validity of 


Another division of the study is devoted 
vestigation of the ultraviolet and visible lig! 


reaching the inhabitants of the city during the four 


Sons, | 


erythemal doses of the sun’s rays will be studied 


loss of ultraviolet energy will be correlated 


I 


Wi 


amount of smoke, dust and noxious gas in the 


phere. Twenty-five stations will be used to secur 


urements of ultraviolet and visible light energy 


procedure is based on the methods used an 


mended by the U. S. Public Health Service 
Yet another division of the project is to revie\ 
existing literature on air pollution and make su 


formation easily available to the engineer. 


The final division of the project will attempt to « 
legal opinions, interpretations, rules, regulations 
standards dealing with air pollution both in the 
States and abroad. Such information will 


cataloged, abstracted and inter-indexed. 
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Stress relieving a piping weld in the shop 


Fabrication Details for Welded Piping 


[ { H{ has beet written and said on the subiect 





of the design, welding and fabrication of piping 


for high pressure and high temperature wit F. P. Woumans* discusses economy in the fabrication 
on moly steel. or heavy wall thicknesses of carbon of high pressure and high temperature steam piping 
eel, pipe The welding problem has been solved, at as affected by design of the welded joint and the back 


11 
welding 


rocedt} m tr thy Sses OF THIS yi re 
p! cedure r bot classe "ou pipin al ing rings, presenting his views on proper procedures 
ivailable that, if properly applied, assure the stren 





the welded pont 
In the author’s opinion, one of the principal ways 
ichieving economy in tabrication of such piping is by i l vritel 
mating the necessity tor upsetting the pipe to u jot for i we ind fo 
ise its section at the welded joint (bigs. 1 and 2 such as shown in fig, 3 Lhe wel 
\\ typical sections Of upset pipe ) lhe expense ot ‘ led prachice ‘ Lae 
this operation can be done away with by using a prop shown im fig. 4. Both these type 
ly designed joint welded by a correct procedure hie have proved of ample strengt 
px whether it be carbon steel or carbon moly metal has tailed betore the we 
ould be preheated and the temperature should be man Backing rings are mainly us 
ned while the weld is being made lon . ( 
Carbon molybdenum steel pipe 4% in. thick or over to the inside of the pipe wa 
| carbon steel pipe 34 in. thick or over should be stress ind icicles inside of the pip 
eved. On carbon molybdenum steel pipe, the welded the pipe, although this factor can be 
should be stress relieved as soon as possible afte conomy s ll by | 
weld is completed \ccurate preheating and stress with the use backing up ring ! Unie 
lleving is important, and it should not be necessary t beliet that the ur t s¢ p 
s at the temperatures. The picture at the top of the piping, where the we can be clean 
shows a weld being Stress relieved by all ele tric iW the pipe upol mpletion Howeve 
on stress relieving machine having close temperature vith shop welds where acces 
ol, and automatically recording the temperaturs fter the weld has beer ide is Imy r 


ig the entire process. This machine also is used in ring becomes desirabl 
reheating, by either the induction or resistance process ( 


Engineer Powe Piping Div BRlaw-Knex ¢{ al L ilets . ‘ 
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shoulder in the center has proved generally acceptable. the basic material, more than makes up for the mat: 
For 6 in, pipe and over, a closely fitted machined ring removed. In addition, an added layer about ;% in. 1 
sacking up rings about 2 in. wide extending beyond the width of the welding ring is 
additional safety factor. However, in all our tests 
added material has been removed before pulling 
sample, and at no time has the failure been in the y 





is shown in Fig, 5, 
have been used, and while they fulfilled their purpose 
keeping spatter and icicles out of the pipe—they created 


another obstacle. During the welding process the heat te . . j 
Che ring, being % in. in thickness, is set in the 


affected these rings to such an extent that they drew 
which has been recessed ;'¢ in. deep, adding %& in 


away from the pipe at both ends, thus reducing the area 
its nominal diameter. Advantage is taken of 


extra thickness usually present in high pressure pi 
This extra thickness over the minimum required fo 
specific pressure in the piping can be removed wit 


and making a water trap. It is a matter of record that 
in some instances corrosion broke up these rings, and 
pieces found their way into machinery. Research has 


indicated that a narrow ring of proper design is not only 
economical but desirable. The ring as shown in Fig. 5 encroaching on the safety of the pipe. The usual um 
has proved highly successful and when used in a joint thickness allowed in manufacture of pipe is around 

as shown in Fig. 3 will not back away from the pipe per cent, and as this variation is on the inside, the: 
usually more than enough material available for re: 
rings, while comparatively easy to make, also reduce ing the pipe. 
the cost of boring the pipes, thus effecting another [For further information on backing rings, the reade1 
ferred to the following articles which have appeared i 





economy, 
ING, PrpING AND Atr CONDITIONING: Fabrication Detai 





The joint of Fig. 3 is economical in construction with ; 

* , : ‘ 
it riGcie dutta fe full > t] High Pressure and Temperature Piping, by Arthur McCut 
out sacrificing strength, and by care vy examining the : : 
- , , = March, 1939: Use of Backing Rings in Welding High Pres 


welding groove, it will be noted that while some mate- High Temperature Piping, by Sabin Crocker, July, 1938; D 





rial has been removed for the backing up ring, the groove and Fabrication of High Pressure, High Temperature P 
has been designed so as to give a maximum of welded by F. C. Fantz, May, 1938; Weld Design for High Pres 
J. H. Deppeler, June, 1938 





metal, which, due to its superior quality as compared to High Temperature Piping, by 





and 4— Designs for welded joints. . . . Fig. 5—Design for backing ring: 


w~ 


Figs. | and 2— Typical sections of upset pipe. .. . Figs. 


























during the welding or stress relieving process. These 
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Size | 30 ] 40 | 60 80 | 100 | 120 | 140 T ; 

37° for Thickness Less thang? _¢ | | ao Fe et PER 3.565 
30° for Thickness Over 8” 5 | 4.690 | 4.690| 4440| 4.44. 
é | | 5.625 | 5.625 | $215 | $25 
2 Ee | 7.750 | 7.565| 7.2/5| 7/25 | 632 
, _/o} | 9875 | 9690| 9440| 9.190 | B875| 865. 

; (2 | 77.750 | 17.500 | 17.790 | 10.875 | 10.625 | 
, oo wan [72.940 | 12.625 | 12.250 | 12.000 | 1.625 | W/.2/5, 
Ytttt/ 16 | | 5.125 | 14.815 | 14.440 | 14.065 | 13.690 | 13.250 | 13.000. 
_/8 | __|/7.000 6.692" 16.250 | 15.875 | 16.440 | (5.000| 605, 
20 |19.125 |18.940 |18.500 | 18.065 | 17.625 | 12/25 | 16.625 | 16.250. 
24 [23.000 |22 750 | t2.250 | 21.690 | 21.725 | 20625 | 20.000 | (9.450. 
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_ Planning an Operating Schedule 
to Save Building Heating Steam 


By Charles N. Bailey* 


HEN building heating plants are operated from 
the calendar instead of the weather, overheating 
and waste of fuel or steam dollars results. One 
cause of overheating dates back to the days when office 
buildings had steam pump operated hydraulic elevators 
other equipment which resulted in an excess of low 
ressure exhaust steam. With such steam available for 
heating in quantities greater than needed, there was no 
particular reason to worry about conserving it. Enough 
steam was supplied to keep the buildings plenty hot in 
order to ward off any tenant complaints about being 
cold 
When it is desired to break down such barriers of 
custom and launch a heat economy program, it is neces 
sary for those who supervise the building heating to do 
more than merely instruct the operating force to be more 
careful. A heating schedule should be made up for the 
particular building under consideration which will as 
sure that steam will be used in the proper quantities and 


without wastage 


Obtaining and Using Temperature Records 


We 


thin’ 


\ simple yet effective way of laying out a heat 
schedule is with the use of a small portable recording 
thermometer. This can be placed in different offices 
on consecutive days, thereby producing a record of the 
temperature conditions throughout the building. These 
instruments cost but little and have been the means oi 
saving thousands of dollars each vear. The best com 
parison one can make to determine whether heat is be 
ing wasted is the temperature maintained within the 
building. The often used units of heat economy based 
on building volume, wall space, degree days, or equiva 
lent square feet of direct radiation are useful for analy- 
sis; but if the building has a special heating problem such 
as high ceilings, large windows, ventilating systems or 
special occupancy, it should not expect to equal the 
records of buildings with less severe heating problems 

In the interest of comparison of past and future con 
ditions, the temperature records should be started before 
any changes are made in the heating method. The thet 
mometer records show not only the temperatures 
throughout the day but also the length of time required 
to warm the building in the morning, which of course 
varies with the outside temperature, the rate of tempera 
ture drop after the steam is turned off, and the total 


| 


hours of heating for the day. Heating above 72 F and 
heating during unoccupied periods, such as early in the 
morning and late at night, are very definitely wasteful 
lf a building does not open for business until 9:00 a. m., 
why should it be heated to 70 F by 6:00 or 7:00 a. m.:! 
lf the building closes generally by 6:00 p. m., why 


istant to the General Superintendent, Aldis & C Building 


xement 
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Prevent-ng the overheating of buildings by oper- 
ating the heating plant in accordance with the 
weather instead of the calendar is well worth 
the time and small investment required, accord. 
ing to the experience of Aldis & Co... . How to 
plan such an operating schedule and the econo- 


mies possible by using it are described her: 
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Phe graph should be extended to cover all extremes 
that ’ , 


temperatures that may be met, even tf 
not experienced during the trial per 

Fig. 1 shows the hit-and-miss tvpe of heating 
building before the starting schedul s pu to ef 
Notice that the roon temperature eaciy 79 
Wednesday and Friday and from the shape the 
on Thursday the temperature would have reached 7 
if the tenant had not opened his window \] 
that on Wednesday the buildnu temperature re 
70 F at 6:30 a. m., or Thursday at 8:00 a. 1 
Friday at 7:30 a. 1 These three ‘ \ I 
of five hours of unnecessary wat tin Cn 
of the three davs the steam was shut off at 3:30 ] 
but the heat in the building carned é t 
riods. On Wednesday night the temperature did not 
below 70 F until 7:00 p. m., on Thursday night 
$-30 a. m.. and on Friday night not until 3:00 
Now again this building does not need to be heate 


























6:00 p. m. so the steam could be turned off at such a 
time that the temperature would drop to 70 F by 6:00 
p. m. Consequently the night overheating amounted to 
one hour, 10% hours and nine hours, or a total of 20% 
hours. The unnecessary heating time shown for the 
three days totals 25% hours, which is staggering when 
compared with the nine hours per day or 27 hours of 
necessary heating. 

lig. 2 shows the results of scheduling the starting and 
stopping time for heating. Overheating has not yet been 
fully controlled, but note how accurately the warm up 
line crosses the 70 F line at 9:00 a. m. Also note the 
reduction in the evening carry-over. This chart shows 
%', hours of unnecessary heating. 

Fig. 3 shows further improvement in controlling the 
overheating. The maximum temperature of 74 or 75 F 
does not occur until nearly 6:00 p. m. and indicates the 
steam should be turned off earlier. The carry-over also 
shows that the steam should be shut off earlier, but this 
chart is a very definite improvement over Fig. 1 and 
the savings have been very nearly in proportion to the 
hgures shown. The pounds of steam per degree day 
have dropped from 4350 for Fig. 1 to 3390 for Fig. 3. 
This represents a seasonal saving of 6,048,000 Ib, based 


on 6300 degree days per season. 
Heating System Repairs 


When heating steam is used sparingly, some rooms 
will be found that require extra radiation and other: 
where the radiators will require new valves, air vents, 
traps, or repairs to the piping. The added expense of 
these repairs will be easily justifiable by the steam sav 
ings and they will not be a repeating item. Quite a bit 
of time should be spent by the engineering crew in check 
ing conditions throughout the building. Thermometers 
should be installed at accessible key points to help the 
men control temperatures during the day. It probably 
will help the fireman if the starting time graph is copied 
into tabular form, as most basement men prefer getting 
information from a table to using a graph. <A special 
deviation from the normal starting time will be required 





on days following holidays. The extra warm up 1 
required will have to be determined by experiment, 
it will usually amount to about an hour. 

If the steam is well controlled during the day and 
building does not become overheated, the shut-off 
will be close to 5:00 p. m. over a wide range of out 
temperatures. A shutting down schedule cannot be 
termined finally until after the daily practice has 
established. 


Controlling the Steam 


The method of controlling the steam during th« 
will depend upon the type of heating system and 
equipment at hand. With a vacuum system, a si 
method is to control the flow of steam by varying 
differential or by changing the initial steam pres 
An intermittent type of valve is sometimes placed in 
main steam line and controlled from a mechanica 
thermal timing device. With one pipe, stoker fired st 
plants a simple solution is to shut down the stoker « 
inanually or mechanically for varying periods. 

The hand fired furnace is the most difficult to 
and will entail some study on the part of the engi 
Probably the fires can be regulated with the draft 
give good economy, or the pressures may be cont: 
to vary the heat in the building. One thing to ¢ 
against is the so-called “apartment house style” o! 
regulation, wherein the building temperatures 
greatly during the day. 

It is usually unnecessary to install automatic conti 
to achieve—at least partially—the kind of savings 
lined here, as most plants have one or two hand 
ated valves that can be used to control the steam 
to the building. Valve mechanisms that are thern 
mechanically or clock operated may of course mak« 
ditional savings, but for smaller buildings at lea 
part of the possible savings can be had by well-plai 
manual operation. 

The advantages of constantly watching the he 
bills are worth the time required and the small 
ment may pay enormous dividends. 


Fig. 1—Hit-or-miss type of heating in a building as shown by temperature 
chart before starting schedule was put in effect. . . . Fig. 2—Results of 
scheduling the starting and stopping time for heating. . . . Fig. 3—Further 
improvement in control of overheating is illustrated by this temperature chart 
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NFPA Revises Its Regulations 
for Air Conditioning Systems 


EVISIONS of its Regulations for Air Condition 
1938 edition, 
adopted by the National Fire Protection Associa 


ing and Blower Systems, 

at its annual meeting last month at the Stevens 
tel, Chicago. They were submitted as the 1939 report 
he committee on blower systems. 


he discussion on the committee report was devoted 


rely to the wording of the reference to be given in 
he regulations to the American Standard Safety Code 
Mechanical Refrigeration, the question being whether 
regulations should adopt the code in its entirety or 
word 
ng of the paragraph ( No. 191) on the point was referred 


should make advisory reference to it. The exact 
to the board of directors 

In his remarks when presenting the committee report, 
e chairman, C. W. Wheelock, said that the question of 
fective cleaning of ducts is one of the important mat 
ters for the next vear’s work. He mentioned also the 
hoto-electric method of detecting smoke and said it was 
regarded as one of the best means of shutting off ai 
flow. 

Following are the revisions of Part 1 of the regula 
tions, which pertain to installation of air conditioning and 
residences, 


ventilating systems in buildings other than 


idopted by the NFP . 
110. Construction of Ducts. 


ii4a. Rewmse the second paragraph to read 


Work involving the use of torches shall not be undertaken 
on ducts until the system has been shut down, the duct 
cleaned and all combustible lining and covering material has 
been removed from the portion of the duct being repaired. 

117. Revise this paragraph to read: 
shall be 


t the interior is accessible to facilitate the cleaning of possible 


Return ducts, other than vertical, so constructed 


weumulations of dust and combustible material in them, except 
ut accessibility is not required where all of the following cor 


ns prevail 


(a) The occupancy is not productive of combustible material, 


such as lint, dust, greasy vapors, etc. Such occupancies 


are banks. office buildings, churches, hotels and institutions 
(but not kitchens, service rooms and manufacturing port 


tions). 


The return openings are at least 7 ft above the floor 


are protected by corrosion-resistant metal screens of at 


least 14 mesh installed back of the grilles so that they 
cigarettes and other com 


will not draw in papers, retuse, 


bustible solids. 


The minimum design velocity in the return from the pat 


ticular occupancy is 1000 ft per minute 


in-out openings at approximately 20 ft intervals shall b 


provided where accessibility to facilitate cleaning is required and 


where the ducts are smaller than 18x24 in. Removable grilles 


nay be accepted as clean-out openings. 
Supply ducts, other than vertical, shall conform to the abov 
regulation for return ducts, unless all of the supply ait 


passe . 


h either water spray or filters. 


Hea NG. 
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130. Automatic Fire Doors and Dampers. 


Ri vise fT read 


Where ducts pass through floors, approved fire dampers 
shall be provided as follows: 


(a) Where such ducts serve only one floor, only one fire 
damper shall be required in the main supply duct from the 


unit and only one in the return. 

(b) Where such ducts serve two or more floors. fire damp 
ers shall be required at each direct outlet or inlet and in 
each branch duct at its junction with the main vertical duct 
Dampers are not required at room openings in the branch 


duct. 
Damper ed wt 
ultsice sna he ed } 7 
tertere ‘ } ' ‘ 
| 
] ed a ate 
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Lt | esl il nt kes 
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143. Insert new paragrap 

143. Fresh air intakes shall be protected 

Os n-resistant material not larger t i 

144 Inse f 

+4 Care should be exe sed 1 
il! ntakes t iv ira y ‘ ? Stible ! 

phiniin azarfrt tiv t t es 
150. Air Filters. 

151. Re 

lol (a At ters sna bn it ee t it 
or emit large \ re t smok t 

combustion when attacked by flames 

Nore. The smoke producing characteristics of 
he considered in relation to the occupancy of the 
it is installed, the kind, nature and air handlin 
installation, and whether or not the installation ‘ 
station or unit type and to the protective teaturs 
provided 

The discharge of smoke is particularly serious as a pa 
ard in buildings which may be occupied by large numb 
people, such as theaters, auditoriums, department store ‘ 











is also serious in occupancies which contain stock particularly 
susceptible to smoke damage. 

(b) The installation of approved automatic extinguishing 
equipment employing water, gas or other approved means in the 
enclosure of the air conditioning system to protect against com- 
bustion of material that may accumulate is recommended for sys- 
tems other than those of the unit or cabinet type with blower 
capacity not exceeding 20,000 cfm and which supply only one 
Hoor area or a portion thereof. Where sprinklers are installed, 
suitable provision should be made for drainage. In buildings not 
equipped with automatic sprinklers, the water supply may be 
taken from the house piping, if the supply is adequate for the 
purpose. 

153. Substitute words “liquid adhesives” for word “oil.” 

154. Substitute words ‘liquid adhesives” for word “oil.” 

155. Revise to read: 

155. All air filters shall be kept free of excess dust and com- 
bustible material. Unit filters shall be renewed or cleaned when 
the resistance to air flow has increased to five times the original 
resistance or when it has reached a maximum of 0.5 in. water 
gage, whichever is higher. A_ suitable draft gage should be 
provided for the purpose. Draft gages of a type which will 
operate a warning light or produce an audible signal when ex 
cessive dust loads have accumulated, are recommended. If the 
filters are of the automatic liquid adhesive type, sludge shall be 
regularly removed from the liquid adhesive reservoir. 

170. Controls, 

173. Insert new paragraph to read 

173. In systems installed in buildings equipped with automatic 
sprinklers or manual or automatic fire alarm systems, it is recom- 
mended that the necessary devices and connections be installed 
to automatically shut down the fans when the sprinkler or fire 
alarm systems operate. 

190. Air Cooling and Heating Equipment. 

The committee has voted to delete the entire text of rule 191 
which covers the classification of refrigerants, and cover this 
entire subject by a reference to the Mechanical Refrigeration 
Safety Code. The committee has under consideration two differ- 
ent wordings. Adoption of this change will also require deleting 
the text of rule 192 in the previous edition and renumbering rule 
1903 as 1902. 

191. Mechanical refrigeration shall be installed in accordance 
with the American Standard Safety Code B-9 for Mechanical 
Refrigeration, latest edition. 

191. The permissible use of specified refrigerants shall be deter- 
mined for the various occupancies according to the classifications 
outlined in the American Standard Safety Code B-9 for Mechan- 
ical Refrigeration. It is further recommended that the details of 
refrigeration installations be made to comply with that general 
safety code. 


Maintenance of 
Air Conditioning Systems 


The following section on maintenance was also 
adopted : 

Failure to maintain proper conditions of cleanliness in air duct 
systems and carelessness in connection with repair operations 
have been important contributing causes of several fires which 
have involved air conditioning systems. 

rhe following recommendations apply, in general, to the period 
of operation of the system; systems operated only part of the 
year should be given a thorough general check-up before start- 
ing operation and again after shutting down. 

1. Fresh Air Intakes. 

(a) Conditions outside the fresh air intake should be ex 
amined at the time of inspection of the ducts. Items to be noted 
are, (1) Accumulations of combustible material near the intake, 
(2) Presence of buildings or structures which may present an 
exposure to the intake allowing smoke and fire to be drawn in, 
(3) Operating condition of any automatic damper designed to 


protect the opening against exposure fire. 
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(b) If accumulations of combustible material are noted, t 
should be immediately removed, and arrangements made to ay 
such accumulations. Inspections should thereafter be made n 
frequently. If newly erected exposures are noticed, considera 
should be given to the protection at the intake to see that 
adequate. (See Regulations, paragraph 136). 

2. Inspection and Cleaning of Ducts. 

(a) Inspections to determine the amount of dust and 
material in the ducts (both discharge and return) should be n 
quarterly, except that if after several inspections such freq 
inspection is found unnecessary, the interval between inspect 
may be adjusted to suit the conditions. 

(b) Cleaning should be undertaken whenever inspection 
cates the need. 

(c) Cooling and heating coils should be cleaned, if necess 
at the time of cleaning the ducts. 

Norte. Thorough cleaning of ducts may require scraping, b: 


w Other positive means. Vacusm cleaning may not rer 


ing, 
dust of an oily or sticky nature, or heavy accumulations iy 
elbows or seams. The amount and kind of dust and dirt 
depend greatly on the occupancy and the arrangement of 
system. 

3. Inspection and Cleaning of Plenum Chambers. 

(a) Plenum chambers should be inspected monthly, « 
that if after several inspections such frequent inspection is f 
unnecessary, the interval between inspections may be adj 
to suit the conditions. 

(b) Cleaning should be undertaken whenever inspectior 
cates the need. Where plenum chambers are found used 
storage, arrangements should be made to prevent this, su 
keeping the doors locked. (See Regulations, Rule 125.) 

4. Filters. 

(a) Unit filters should be renewed or cleaned when the 
tance to air flow has increased to five times the original resista 
or when it has reached a maximum of 0.5 inches, water gag 
whichever is higher. A suitable draft gage should be provide: 
the purpose. Draft gages of a type which will operate a war 
light or produce an audible signal when excessive dust 
have accumulated, are recommended. 

(b) Filters, intended to be thrown away, after use, should 
never be cleaned and re-used. 

(c) Care should be exercised in the use of liquid adhe: 
Use of an adhesive of low flash point would create a serious 
ard. (See Regulations, Rule 152.) 

(d) Electrical equipment of automatic filters should 
spected monthly, observing the operation cycle to see that 
motor, relays and other controls function as intended. D 
motors and gear reductions should be inspected at least 
annually, and lubricated when necessary 
5. Fans, Fan Motors and Controls. 

(a) Fans and fan motors should be inspected at least quart 
and cleaned and lubricated when necessary. Care should be 
cised in lubricating fans to avoid allowing oil to run onto t 
blades. Fans should also be checked for alignment, and 1 
that they are running freely. 

(b) Automatic fan controls should be examined at leas 
a year to see that they are in operable condition 
6. Fire Doors and Fire Dampers. 

Each fire door and fire damper should be examined 
year, giving attention to hinges and other moving parts, 
that it is in good operable condition. 

7. Repair Work. 

Great caution should be exercised in the use of open fla 
spark emitting devices inside of ducts or plenum chamlx 
near air intakes. (See Regulations, Rule 114a.) 

8. Inspection Form. 


The use of an inspection form to assist in obtamimng a 
ough inspection is recommended. The torm should be ma 


to fit the system or systems involved, listing the items 1 


attention. 


' ’ 
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Pres. J. F. MelIntire addressed meetings of eleven chapters and several groups of 
members informally during March, April and May and reports a healthy interest in 
Society affairs and a rapidly growing membership. 


* * * 


FE. K. Campbell, chairman of the Membership Committee, says, “I am very anxious 
that our membership work this year shall show sufficient results that there will be 
no net loss in the Society's income for the support of research work. Membership 
work is on a par in importance with research work. Research workers don't admit 
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Air Conditioning Requirements of an 
Operating Room and Recovery Ward 


By F.C. Houghten* (MEMBER) and W. Leigh Cook, Jr.. M. D..* * Pittsburgh, Pa. 


This paper is the result of research sponsored by the AMERICAN 
Society OF HEATING AND VENTILATING ENGINEERS in cooperation with 
the Department of Industrial Hygiene, School of Medicine, University 
of Pittsburgh, Bindley Fund and the Elizabeth Steel Magee Hospital. 


WONSIDERABLE interest has recently been what has been accepted as an irreducible 
shown in the application of air conditioning in infections in surgical cases has actually been resulting 
hospitals, especially from a purely comfort point from an entirely unsuspected source; namely, air-born 
of view. Particular emphasis has been placed upon sum organisms. The older accepted theory that organisn 
mer cooling and air conditioning in wards, private rooms, particularly pathogenic ones, were not normally carri 
and various other hospital rooms. Temperature con through the air on dust particles, excepting wher 
trol for the air conditioned space is undoubtedly the most siderable air motion was set up, resulted in tightly clos 
important factor, and it is natural that practices have and in most cases unventilated operating rooms, Wu 
followed closely those used in air conditioning of other dows were not opened for fear that drafts would sti ul 
places of assemblage. dusts. This school of thought was even carried in many 
More recently, there has been an intense interest in cases to the point where a glass barrier was installed 


. <“e- a gee ;, ures -_ -— see and the on sattomalt 
special applications of air conditioning to operating between the operating room and the conventionally 
rooms, recovery rooms, and contagious wards. While sealed windows, in order to avoid small stray air cu 
~ : . ‘ents ; ‘afts c g through window cracks This 
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2. Bacteria: The bacteria content of the atmosphere in an 
operating room as found in the past, and with the present air 
conditioning system; and further, how the bacteria content may 
be affected by ultra-violet sterilization and electrostatic pre- 
cipitation of dust. 

3. Anesthetic Concentrations: The relation between past per- 
formance without air conditioning and present performance with 
air conditioning and controlled yentilation, as affecting concen- 
tration of anesthetic at different points in the operating room. 

4. Static-Electric Sparks: Relation between atmospheric con- 

ditions and the hazard of electrical sparking possibly causing 
ignition of air-gas mixtures. 
Physiological Aspects of the Subject: Medical observations 
relative to weight, blood pressures, blood chemistries, and skin 
temperature; perspiration of attendants and patients; feeling 
of comfort, well-being, and presence or absence of fatigue of 
operators; urine chloride of patient before and after operation; 
bacteriologic content of operating room air without and with 
occupants, and effect on healing; and the effect of the recovery 
room as it aids or deters patient’s recovery, which might be 
contrasted to a room in which no air conditioning exists. 


The study indicated in Item 1 has been largely com- 
pleted and will be discussed at length later in this report. 
However, this paper deals practically entirely with the 
engineering aspects of the study as related to the comfort 
and well-being of the operating surgeon and his attend- 
ants. The hospital and medical aspects of the problem 
will be presented in other publications. 

The study of the bacteria content of the air, or Item 2 
of the program, has been the subject of considerable 
difference of opinion. While some bacteria may not be 
harmful in other localities, as far as an operating room 
is concerned the presence of undesirable organisms may 
be considered as roughly proportional to the concentra- 
tion of all such organisms. Therefore, an approved 
method of sampling air for bacteria content should be 
used to sample thé air at various points in the operat- 
ing room under different conditions, both as regards the 
use of the operating room itself, and the operation of the 
air conditioning system. Two general methods have 
been used for this purpose. The earlier procedure was 
to set sterile petri dishes at various points in the room 
and allow the bacteria and dust in the atmosphere to 
settle in them over a period of time and then to develop 
the bacteria collected. Thé second, more recent, and 
probably better method has been to centrifuge the air 
in a container, the inside of which is covered with an 
adhesive medium. This method of sampling is positive 
and quantitative, since a definite volume of air is centri- 
fuged with the idea of getting all or at least a propor- 
tionate number of the living organisms out of the air 
tested. Such an instrument has been developed by W. F. 
Wells of the University of Pennsylvania. 

As far as the percentage of bacteria in the air and 
their effect are concerned, it is recommended that a few 
tests under different atmospheric conditions and sur- 
rounding arrangements be made, such as without the air 
conditioning system in operation, with the system in 
operation including the electrostatic precipitator, and 
with all of this equipment and the ultra-violet sterilizer 
also in use. Undoubtedly, a wide variety of different 
tests should be made, as well as a considerable number 
of tests for each variation, in order to definitely establish 
the relation of bacteria content to such operations, the 
need of wearing masks, etc. Another study would be to 
determine the desirability of installing a glass barrier, 


382 





between the operating room and the spectators’ gal] 
as affecting the bacteria content of the air. 

After carefully considering these methods for st) 
ing bacteria, a very definite schedule should be set 
aimed to give the greatest amount of information 
the least amount of study. The actual incubatio: 
bacteria samples and method to be used thereby ; 
necessarily be dictated by bacteriological experts. | 
date, relatively few observations have been mac 
connection with this phase of the study. 

The concentration of anesthetic in the operating r 
or Item 3 of the program, also should be given se 
consideration. As mentioned previously, the lif 
pectancy of surgeons is thought to be shortened ar 
preciable amount when exposed to high concentrati 
Whether this is true or not, nevertheless high coi 
trations of anesthetic throughout a room are not a 
essary consequence to the administering of anest! 
to a patient. Given a certain concentration as neces 
at the mouth or nose, the concentration at points dis 
therefrom can be reduced to almost any desired 
by the volume of air change. Of course, there 
necessarily be some limitation in the amount oi 
change or ventilation which can be allowed without 
desirable drafts, but it is probable that air chang: 
lower the concentration of anesthetic in the operati: 
room to levels far below those found in usual pract 
where no special consideration has been given. 

One important phase of the study should therefor: 
the sampling of air at various points in the room 
reference to the source of distribution of anestheti 
the atmosphere, in order to determine the concentratio: 
with different rates of air change or different operat 
of the air conditioning system. The sampling of air 
well established by gas chemistry, and analyses fo: 
more common anesthetics used are also available in : 
instances, 

Item 4 of the program, or the relation between ati 
pheric conditions and the hazard of electrical sparking 
and thereby ignition of air-gas mixtures, seems to bh 
some significance, but to what extent it is important 
better known by the operating surgeon and others. 
fore a study is to be made of this subject, careful anal 
sis should be made first of the available literatur: 
the relation between static electrical sparks and atmos 
pheric conditions in other industries, such as the texti 
industry. Any future planning of this phase of 
subject will have to be developed after due considerat 
to its importance, 


Description of Equipment 


An operating room and recovery ward at the Mag: 
Hospital, each having a northern exposure on the four 
floor, were chosen for the study and were remodeled 
a number of respects, including the installation of a1 
conditioning system for the rooms. The air conditior 
ing system installed was designed by a committee of ¢ 
tors and air conditioning engineers, not with a view 
fulfilling a predetermined opinion of what air conditio 
ing should apply, but with a view of making availal! 
an experimental system which could be operated so 4 
to supply a wide range of atmospheric conditions / 
experimental purposes. 
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The layout of the operating room, recovery ward, and 
ir conditioning system is shown in Fig. 1. Outside 
ir is brought in at 4 through a duct containing a pre- 
ater, a cloth air filter, and an electrical precipitator. 
fhe duct then branches, and part of the air is drawn 
through an air washer and reheater by a fan, which dis- 
charges this air through a duct system to 6 outlets lo- 
cated in the ceiling of the operating room. The second 
portion of the air, which may be mixed with recirculated 
air from the recovery ward, is drawn over cooling coils 
and a reheater by a second fan, which then delivers this 
air to a duct system leading to two outlets in the ceiling 
of the recovery ward. The system is designed to supply 
1200 cfm to the operating room and a similar amount, 
including up to 50 per cent recirculated air, to the re- 
covery ward. 

A 10-ton dichlorodifluoromethane compressor applies 
refrigeration to water by means of a shell-and-tube ex- 
changer. A system of storage tanks, pumps, and ther- 
mostatic controls circulates this water through the 
washer, thus providing cooling and humidity control 
for the operating room, and also through the cooling 
coils, thus supplying cooling and dehumidification for 
the recovery ward. This system therefore allows easy 
control over both the temperature and dew-point of the 
air supplied to the operating room, as well as the tem- 
perature and, to a lesser extent, the moisture content of 
the air in the recovery ward. 

The operating room is 15 by 32 ft, including a spec- 
tators’ gallery having a seating capacity for 30 persons. 
The four operating room windows, with two radiators 


Fig. 1—Diagrammatic sketch of layout of operating 
room, recovery ward and air conditioning apparatus 
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located under them, are shielded from the rest of the 
operating room by a glass enclosure. Originally in lay 
ing out the system, provision was made for exhausting 
the air through this space so as to decrease the cooling 
load from the exposed windows. However, this distri- 
bution of the vitiated air from the operating room was 
not used, for it was soon learned by other attendants in 
this wing of the fourth floor that the discharged air from 
the operating room had sufficient residual cooling ca- 
pacity to add considerable comfort cooling to the rest 
of the hospital wing when it was discharged into the 
corridor. 

As a part of the experimental equipment in the oper- 
ating room, an ultra-violet sterilamp is installed directly 
over the operating table. The recovery ward has a 
capacity of 7 beds, and has been used solely as a post- 
operative room. 

The experimental equipment was installed and put 
into operation during June, 1938; and the operating 
room and recovery ward have since been used continu 
ously, an average of 23 operations being performed there 
weekly. A resident physician having a few other duties 
was assigned to the operation of the equipment and 
collection of the necessary data in connection with the 
use of the air conditioning equipment for the operating 
room and recovery ward, 

A previous report’ has recommended that a relative 
humidity between 50 and 60 per cent be maintained in 
an operating room, in order to eliminate explosion haz- 


*Report of Committee on Anaesthesia. (Journal of American Medical 
Association, May 10, 1930.) 
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ards arising from static electricity. In accordance with 
this recommendation, all tests in the present study were 
conducted with various effective temperatures, but all at 
a relative humidity of approximately 50 per cent. 

The study so far has been confined largely to Item 1 
of the research program outlined, and the research re- 
sults contained in this paper are limited largely to this 
phase of the study. 


Experimental Observations 


Coincidental data taken included the types of work 
done in the operating room, the subsequent course of the 
patient in the hospital, and the general reactions of both 
patient and surgeon toward the equipment in use. An 
attempt was made throughout to be as purely objective 
as possible in the gathering of facts and in questions 
asked. At the outset there was such a general enthusi- 
asm among the operating personnel concerning the 
cooled space and a willingness to perform elective sur- 
gery in the heat of summer, because of the standard 
conditions which could be maintained for the benefit of 
the patient, that an abundance of facts confronted the 
tabulator. Numerous consultations determined the type 
of information which should be gathered in an effort 
to have a uniform picture of the work throughout its 
entirety. 

The following problems were suggested for solution 
concerning the patient’s course in the hospital : 

1. Do patients who are subjected to a standard avertin, gas, 
or ether anesthesia develop post-operative pulmonary complica- 
tions less or in greater percentage when taken directly from the 
operating room to the air conditioned recovery ward? 

2. Do such patients, in a room with 12 air changes per hour, 
react from anesthesias more quickly than those in humid, sultry 
wards with little air change and circulation? 

3. Is there any perceptible difference in post-operative tem- 
perature, pulse, and respiration comparing those kept at a con- 
stant condition of approximately 75 F dry-bulb and 40 to 50 
per cent relative humidity, and those control cases in the warmer 


unconditioned wards ? 

4. Determine the amount of post-operative perspiration, liquid 
intake, and urinary output in an effort to objectively ascertain 
the benefit to the patient of being in an ideal post-operative at- 


mosphere. 
5. Obtain reactions from both patients and attending physi- 


cians as to the advantages or disadvantages of air conditioned 
recovery wards during the summer months. 


During the test months of July, August, and Septem- 
ber, 123 patients of the total number operated upon dur- 
ing the summer were placed in the air conditioned re- 
covery ward. Of these, 88 had been operated upon in 
the air conditioned operating room, and the other 35 
had been in ordinary operating rooms. These cases 
included 36 laporotomies (an operation in which the 
abdomen is opened), 20 vaginal operations, 48 com- 
bined vaginal and abdominal operations, 12 other surgi- 
cal procedures, and 7 obstetrical cases mostly Caesarean 
sections. The 123 surgical operations mentioned cov- 
ered the ordinary types of surgical procedures in a gen- 
eral hospital. The length of stay in the air conditioned 
recovery ward varied depending upon the need for beds 
and the general post-operative condition of the patient, 
the average time being 80 hours and the longest being 
9 days. 
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Throughout the past summer there were but th 
post-operative complications. One patient died py 
operatively of a kidney complication, the patient be; \» 
62 years old and a bad operative risk. Another died 6 
days after a Caesarean section, the cause being x 
tonitis. A third patient developed a lung abscess jx 
operatively which was believed secondary to an embol) . 
However, none of these 123 cases developed post-opx 
tive pulmonary complications. Taking charts from 
similar period during the year 1937 it was found {| 
there had been a total of 4 post-operative complicatic.s 
including one death, one case in which the operati 
reactivated an old tuberculosis, and two cases of pos: 
operative atelectasis (collapse of lung), both of whic! 
recovered, but were definitely classified as post-operatiy: 
pulmonary complications. 

Comparing the charts of those 123 patients in the ; 
conditioned recovery ward and those others returned | 
private rooms and the regular surgical wards, no co 
clusions can be reached as to the advantage of the con 
trolled air condition and air change in reducing the tota’ 
time required for the patient to react from anesthesia 
Because of the rather general use at the Magee Hos 
pital of rectal anesthesia avertin, which is not eliminated 
through the respiratory tract, it is difficult to determin 
whether proper air conditioning in the recovery ward 
is of advantage in reducing anesthesia concentration 
the lungs. Pulse and respiration records of patients i: 
the recovery ward and control cases had such wide varia 
tions that it would be unable to draw any satisfactory 
conclusions as to the advantages of the recovery ward 
post-operatively in these respects, unless a large amount 
of additional data were to be obtained. The individual 
reaction of patients to operations and the varying de- 
grees of shock produced by surgical procedures, prob- 
ably account somewhat for the inability to show an) 
objective advantage of an air conditioned recovery ward 

From a medical standpoint there was some debate as 
to the advisability of subjecting an anesthetized patient 
to even the slight ranges of heat and cold used in col 
lecting the data for this paper. This feeling was founded 
on the statements of Barber and Bourne® regarding ethe: 
anesthesia on dogs, and the generally accepted but hardly 
proven theory that anesthesia causes the subject to los 
heat control regulation. Rectal temperatures were take: 
throughout laparotomies of duration of 1 to 11% hours 
to see the effect of avertin, gas, or ether anesthesia o1 
the body temperature. Five recordings were made du: 
ing the operations for chronic pelvic complaints, no 
associated with pyrexia, and two pre-operative contro! 
recordings were made for periods of 2 hours at a time 
In no case was there a variation of rectal temperatur: 
of more than 44 F. Three of these recordings wer 
made in a room conditioned to a temperature of 75 F 
and a humidity of 50 to 55 per cent, and the others wer 
in rooms well over 80 F with varying humidity, not 
conditioned. It was therefore thought that with th: 
patient properly draped he could be kept at a safe bod) 
temperature even though the conditions of the room wer 
varied. 

A careful record of liquid intake and output, whic! 
was done in an attempt to evaluate roughly the loss of 


"The Influence of Ether in Dogs. by H. G. Barber and W. Bourn 
(American Journal of Physiology, 67:399, 1924.) 
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‘uid from the skin and respiratory tract, was made on 
iose patients in the air conditioned recovery ward and 
mtrotled cases throughout the hospital. It was thought 
‘hat the patients in the recovery ward would have a 
igher urine output in comparison to liquid intake than 
‘hose in the warmer parts of the hospital, thereby prov- 
ing less post-operative perspiration. Such, however, was 
not the case, the variations of intake and output being 
as great in the air conditioned recovery ward as with 
the controlled cases. However, mention in the nurses’ 
notes was made by those working in both conditioned 
and non-conditioned wards that there was much less 
need to change gowns post-operatively on those cases 
kept in an ideal post-operative condition, and that there 
was much less restlessness on the part of the patient in 
these conditions. 

Numerous operations which would likely be delayed 
until cooler weather were performed throughout the sum 
mer by the surgical staff. The advantages of the air 
conditioned operating room and recovery ward in lessen- 
ing the possibility of post-operative heat prostration in 
the extremes of summer heat undoubtedly influenced 
their decisions.° Operations on the thyroid gland which 
are more hazardous in the summer time were performed 
with very little if any apprehension on the part of the 
staff, and no post-operative thyroid crises resulted dur- 
ing this period. 

Throughout the summer, patients continually re- 
marked about the difference in their general feeling of 
well-being in the air conditioned recovery ward as com- 
pared with that on transfer to the unconditioned part of 
the hospital, even though they were nearer full recovery 
from their operation when transferred. Other patients 
who had had previous operations remarked that they 
had never been so comfortable post-operatively ; nat 
urally many were miserable enough to be entirely igno 
rant of their ideal surroundings. 

Also, numerous comments from the medical staff about 
the air conditioned operating room were heard through- 
out the summer. These remarks were to the effect that 
following a whole morning spent in an operating room 
the surgeon felt he could go to his office with a freshness 
never before experienced during the hot summer months. 
Many felt that the air conditioned operating room was 
lar superior to the ordinary operating rooms regarding 
comfort, freedom of perspiration and lack of fatigue. The 
iact that members of the surgeon's family and his patient 
noticed to a much less extent the odor of anesthesia on 
the surgeon’s breath after a morning in the air condi- 
tioned operating room was also mentioned by some of 
the staff, 


Comfort Reactions 


Data were collected throughout the summer months 
on Item 1 of the original program, or the study of 
optimum conditions of effective temperature for the com- 
lort of the surgeon and those in attendance, With the 
necessary modifications dictated by the normal operation 
ot the hospital, the study was directed along lines similar 
‘0 those used by the ASHVE Research Laboratory in 
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Pos Operative Heat Stroke, by Moschowitz. 


; : (Surgery, Gynecology 
@ Obstetrics, October, 1916.) 
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earlier comfort studies, ' "> '* On a given day, a 


predetermined atmospheric condition, as determined 
by the relative humidity and effective temperature, was 
maintained, On convenient occasions an observer interro 
gated the operating surgeon and his attendants, including 
internes and nurses, concerning their feeling of warmth, 
degree of sensible perspiration, and general reactions 
ioward the atmospheric conditions. A feeling of warmt! 
was graded according to an arbitrary index previously 
used by the Laboratory, in which ideal comfort is give 
slightly cool and 
1] 


an index rating of “4,” feelings of 


slightly warm “3” and “5,” respectively, and decide 





cool and decidedly warm for comfort and “6.” re 
spectively. The additional two indices used in some of 
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Fig. 2—Relation between the effective temperature of the air 
condition maintained in the operating room and the number 
of surgeons, internes, observers and nurses feeling comfortable. 
slightly cool, slightly warm, very cool and very warm 


the earlier studies, namely, “1” for decidedly cold 


and “7” 
for decidedly hot, were not included, since it was deemed 
undesirable and also unnecessary to subject attendants 
or patients to these extremes. In all, 348 opinions of 
feelings of warmth were obtained from doctors, nurses 
and internes during the summer test period, and a some 
what 


absence or degree of sensible perspiration. 


concerning — thi 
\ll of thre s¢ 
individual observations are plotted against the effective 


temperature of the atmospheric condition in Fig 2. 


lesser number of observations 


This gives a plot characteristic quite similar to iden 
tical plots obtained from earlier Laboratory studies for 
normal occupants of an assembly room 
ponderance of number of observations of comfort appears 


The great pre 


in the center portion of the chart with decreasing nm 
bers of observations to the right and left 
slightly cool] “3” 
spectively, more or less to the left and to the right of 
the center, while still farther to the left and to the right 
are scattered observations of too cool “2” 


Feelings of e 


and slightly warm “5” are found, ré 


and too warn 


"Determination of the Comfort Zone. by F. ( Houghten and C. P 


Yagloglou. (ASHVE Transactions, Vol. 29, 1923, p. 361 
“Comfort Standards for Summer Air Conditioning, F. Cc. We en 
and Carl Gutberlet. (ASHVE Transactions, Vol. 42, 1936, p. 21 
2Cooling Requirements for Summer Comfort Air Conditioning, by F. ¢ 
Houghten, F. E. Giesecke, C. Tasker and Carl Gutherlet (ASHVE 
Journat Section, Heating, Piping and Air Conditioning, December, 1936, 


p. 681.) 

“Summer Cooling Requirements of 275 Workers in an Air Cor ' 
Office, by A. B. Newton, F. C. Houghten, Carl Gutberlet and R. W 
Qualley. (ASHVE Jovurnat Secriox, Heatin Pipin i Air Cond 
tioning, December, 1937, p. 758.) 
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“6.” From this chart a temperature range somewhere 
around 67 to 70 deg ET would readily be selected as 
including the most desirable conditions. However, the 
fewer observations obtained at higher and lower tem- 
peratures somewhat mask the general effect of the con- 
centration of the data. 

Separate symbols are used in Fig. 2 to indicate doctors, 
internes and nurses. While no doubt there is some 
difference in the temperature at which each group is 
comfortable, there were not sufficient individual obser- 
vations made during the brief study to conclusively 
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Fig. 3—Relation between the effective temperature of the air 

condition maintained in the operating room and the percentage 

of its occupants voting comfortable, slightly cool, slightly warm, 
very cool and very warm 


demonstrate this difference. However, the segregation 
of the data for the three groups tends to show that 
surgeons and internes both indicated maximum comfort 
at about 68 deg ET, while the nurses indicated maximum 
comfort at a little above 69 deg ET. 

Fig. 3 gives a better numerical picture of the true 
relationship between the comfort indices and the effective 
temperature of the atmospheric condition. In this figure 
the percentage of observations expressed by the 5 indices, 
rather than their actual number, are plotted against effec- 
tive temperature. Index “4,” or ideal comfort, gives a 
parabolic type of curve, showing a minimum number 
feeling ideal comfort at about 62 deg ET. This curve 
then rises to a maximum of about 85 per cent feeling 
ideal comfort between the effective temperatures of 68 
and 69 deg. With additional rise in effective temperature 
the curve falls until only 35 per cent are comfortable at 
an effective temperature of 74 deg. This curve is char- 
acteristic of all those obtained by the Laboratory in sim- 
ilar earlier studies. The fact that the curve is more 
steep on the cool side than on the warm side indicates 
that surgeons and attendants in an operating room, like 
persons in any type of audience hall, more readily sense 
discomfort due to a given number of degrees rise in 
temperature from that giving optimum comfort. The 
curve is characteristic also in that 100 per cent comfort 
is never found for any given condition ; even when more 
than 80 per cent of all individuals indicated a feeling of 
ideal comfort, there were always some who felt either 
too warm or too cool. 

The slightly cool “3” and decidedly cool “2,” and the 
slightly warm “5” and decidedly warm “6” percentage 
curves are also characteristic. The slightly cool and 
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slightly warm rise more rapidly on either side of 
condition for ideal comfort ; while the decidedly cool a: } 
decidedly warm rise first slowly and then more rapid 
with wider variations in air conditions on the cool a 
warm side. 

The parabolic curve of percentages indicating comf 
in Fig. 3 is somewhat broader than those found in m 
other Laboratory studies for seated occupants in pla 
of assemblage. This is probably due to the somew! 
varying intensity of activity of those in attendance 
operations. Undoubtedly in a major operation the su; 
geon and his more responsible attendants exert a great«: 
energy, resulting in comfort and higher rates of me: 
bolism at lower temperatures. This accounts not on! 
for the somewhat greater spread of curve but also in p. 
for the slightly lower effective temperature than usua 
found at which the maximum percentage of worke: 
feels comfortable. The increase in the clothing wo 
particularly the masks covering parts of the head an 
face, and radiant heat resulting from intense illumin: 
tion, and the close proximity of the workers to each 
other should also serve to account for comfort at th: 
lower temperature. The point between 68 and 69 deg ET 
at which the doctors and their attendants were more 
often comfortable is significantly lower than the 70 to 
73 deg ET, with an average of about 72 deg, that was 
obtained for seated occupants in a summer cooled room 
as found in earlier Laboratory studies. The slightly 
higher temperature at which the nurses were comfortable 
is in agreement with earlier findings which show that 
for persons seated at rest in a comfortable room, women 
desire a temperature of from 1 to 2 deg higher than men. 
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SENSIBLE PERSPIRATION 





AIR CONDITION— EFFECTIVE TEMPERATURE F 


Fig. 4—Sensible perspiration on body and forehead of surgeon: 
internes and nurses while participating in operations with air 
conditions in the operating room at indicated effective tempera- 
tures and relative humidity of approximately 50 per cent. Broken 
line curves from other Laboratory studies for persons seated at 
rest and persons at hard labor in atmospheres at the indicated 
effective temperatures and a wide range of relative humidity 
shown for comparison 


The sensible perspiration curves in Fig. 4 are drawn 
for both body and forehead perspiration of the surgeon. 
internes, and nurses, while participating in operations 
with air conditions in the operating room at the indi- 
cated effective temperatures and relative humidities i 
the neighborhood of 50 per cent. An arbitrary index 
for sensible perspiration, as used in previous studies 4 
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the Laboratory, was used in this present hospital study. 
\n index rating of “O” is given to a dry condition of 
the skin, “1” for clammy, “2” for damp, “3” for wet, 
and “4” for the condition when the perspiration runs 
and drips down the surface of the skin. As mentioned 
previously, it was thought undesirable and also unnec- 
essary to subject the patients and their attendants to ex- 
treme atmospheric conditions; hence, no votes were 
obtained for the “4” perspiration index. 

As would be expected, the curves for the surgeons for 
both body and forehead perspiration are higher than the 
corresponding ones for the nurses and internes, this being 
due most likely to the greater activity and mental strain 
of the surgeons during the performance of the operation. 
Also, agreement with former studies is noted in the fact 
that the curves for body perspiration are located slightly 
higher than the corresponding curves for forehead per- 
spiration. 

For comparison, the broken line curves from former 
laboratory studies for persons seated at rest and persons 
at hard labor are superimposed on Fig. 4. Whereas the 
curves for the present hospital study were obtained in 
tests made at the indicated effective temperatures with 
a relative humidity of approximately 50 per cent main 
tained throughout, the curves from the former studies 
are the averages for a wider range of relative humidities 
Nevertheless, this figure serves quite well to indicate the 
relative position of the hospital curves in comparison with 
the former studies. It must be kept in mind, however, 
that the hospital curves, especially those for the surgeons, 





are located by means of a relatively few points. Further 


study will serve to locate these curves more accurately 
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Pittsburgh Chapter Discusses 
Proposed Code 


April 10, 1939. Pres. R. A. Miller called the Pittsburgh Chap- 
ter meeting to order in the private dining room of Stouffer's 


Restaurant at 7:40 p. m Thirty-five members and guests 
attended. 
L. S. Maehling, treasurer, read his report and J. F. S. Col- 


lins, Jr., general chairman for the 1939 Annual Meeting, stated 
that a few minor items remained to be settled and that the final 
report was not complete. 

The chairman read a report from the Attendance Committee 
recommending certain changes in meeting procedure. 

President Miller introduced Don Maré, local director, Dale 
Carnegie Institute, as the after-dinner speaker. Mr. Maré’s sub- 
ject was Presenting Engineering Reports in a Colorful Man- 
ner and in a short talk of 15 min he outlined several methods by 
which engineering reports could be. reduced to non-technical 
language for the lay audience. 

After President Miller outlined a suggested method of pro- 
cedure, the report of the committee appointed to study the pro- 
posed National Board of Fire Underwriters Code was presented 
to the Chapter for discussion. As several members desired more 
time to study the report before voting on it, it was moved by 
P. C. Strauch, seconded by E. H. Riesmeyer, Jr., and passed that 
a discussion of the report proceed as scheduled but that action 
be deferred until a later date. 

President Miller then directed the chairman of the committee 
to read the report, having committee members make such com- 
ment as deemed necessary to amplify the committee's findings. 

It was moved by E. S. Scanlon, seconded by R. J. J. Tennant, 
and passed that the code report be submitted to the Chapter mem- 
bership accompanied by mail ballot upon which members could 
express their approval or disapproval and return the ballots to 
Secy. T. F. Rockwell on or before April 24. 
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It was moved by Mr. Scanlon, seconded by Mr. Tennant. and 
passed that the Committee’s report be considered as adopted as 
read unless a majority of the Chapter membership returns ballots 
disapproving the report. 


St. Louis Chapter 
Meets with Engineers Club 


Apri 6, 193). A dinner at the Kingsway Hotel preceded th 
business meeting at which 30 members and guests of St. Louis 
Chapter were present, with Dr. C. A. Mills, 


of honor. 


Cincinnati, as guest 


Pres. E, E. Carlson called the meeting to order at 6:45 p. m 
and asked for reports from standing committees 

C. E. Hartwein reported on the progress of plans for th 
annual dinner dance. 

G. W. F. Myers, chairman of the Nominating Committee, 


submitted the names for prospective officers for the year 1939-40 
as listed in the report of the May 2 meeting. Other members of 
Drie 


It was moved by Mr 


the Nominating Committee were Paul Sodemann, R. (¢ 
H. Carter and J. M 
\. White that the nominations be 


meyer, |. Foster 
Boester and seconded by E. 
accepted. 

The meeting was then adjourned at the Kingsway and con 
tinued at the their 
members and the attendance was approximately 200 


Engineers Club as a joint meeting with 
J. G. Rosebrough, Jr., president of the Engineers Club, turned 
Mills, pro 
fessor of experimental medicine, University of Cincinnati 

Dr. Mills’ talk was very 
evidenced by the number of questions, according to the report 
of Secretary Fagin. 

Mr. Rosebrough closed the meeting 
thanks to Dr. Mills. 


the meeting over to Mr. Carlson, who introduced D1 


interesting and well presented as 


with a rising vote of 


—— 
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Air Filter Performance as Affected by 
Low Rate of Dust Feed, Various 
Types of Carbon, and Dust 
Particle Size and Density 


By Frank B. Rowley* and Richard C. Jordan** (MEMBERS), Minneapolis, Minn. 








This paper is the result of research sponsored by the AMERICAN 
Society OF HEATING AND VENTILATING ENGINEERS in cooperation 
with the Engineering Experiment Station, University of Minnesota 


This filter is designated in this report as 


} 1 di two the 


1¢ 


“NHIS paper presents the results of a research pro 


gram which is a continuation of the work de slight changes had been made in the oiling and fiber 
“ : ° ' : ir as Os i] ‘TS sed ] previous I! wort h sé 
scribed in a previous paper’ presented at the Sem: from those filters used in the previous report rhe 


Annual Meeting of the Society, June, 1938. 


however, did net appear to make any 


the test results 


The object of this part of the program was to deter Ag ne ae ae a, 
mine the dust arrestance for low rates of dust feed seen ‘eectlons ears with the ants of celle cet a4 46 des 
through the filter, and filter performance when using center line of duct and at 90 deg to each other. The c 
different types of carbons, dusts of different particl the entering side were of larger dimension than thos 
sizes, and dusts of different densities. The test appa leaving side of the filter. 
ratus and procedure were described in the previous D—A filter of cotton media of coarse material on the « 

ing side and glazed on the leaving side The filter med 


paper. The apparatus, with the exception of the dust - far 
¥ ; ° . accordion piaited in trame to give an area O! approxin 
feeding device, was the same as that described in the ae — PI 

ASHVE Standard Code for Testing and Rating Air 
Work For convenience the results given in this pap 


tr 


times the cross-sectional area of air stream 


Cleaning Devices Used in General Ventilation ' 
The photograph, Fig. 1, shows a general view of the been grouped under six headings as tollows: 
test equipment as set up and used throughout the tests. 1. Rate of Dust Feed and Filter Arrestance 

\s in the previous test program 
four filters were selected as typical 
of those used in practice, and were 
used throughout all of the tests. 
These filters have been designated 
by the letters A, B-1, C, and D 
and were described in detail in the 
previous paper. Briefly they may 
be described as follows: 

A—A permanent type of cleanable oil 
filter, 4 in. thick, with 24 layers of ex 


panded metal and wire screen graded 





trom coarse mesh at entrance to fine 
mesh at leaving side. 

Bb-1—A viscous coated throw-away 
type filter 2 im. thick. The fibrous 
media were graded in fiber size, density, 


and oiling from entering to leaving side 


* Director Engineering Experiment § Sta 
tion, University of Minnesota 

**Instructor, Engineering Experiment Sta 

m, University ot Minnesota 

Air Filter Performance as Affected y 
Kind of Dust, Rate of Dust Feed and Air 
Velocity rhrough Filter, by Frank B 
Kowley and Richard ¢ Jordat (ASHIVI 
JourNAL Section, Heating, Piping and Air 
Conditioning, Aug., 1938. p. 539.) 


Presented at the 45th Annual Meeting of 
the American Soctety oF HEATING ANB VEN 
rrILATING Ewnoineers, Pittsburgh, Pa., Janu 
ry, 1989 Fig. 1 





Assembled view of test apparatus 


) 


388 Heatinc, Princ anp Am Conprriontnc, Jus 








» Pust Particle Size and Filter Performance. 
Different Types of Carbon and Filter Performance. 

4. Dust Density and Fl ilter Performance. 

5 General Comparisons of Filter Characteristics. 


Conclusions and Recommendations. 


Rate of Dust Feed and Filter Arrestance 


The standard test code for rating air filters calls for 


.35 g (grams) of dust per 1000 cu ft of air. This corre 


sponds to a rate of 17.7 g per hour when using a 20-in 
square filter with a face air velocity of 300 fpm. In the 


first series of tests the rate of dust feed was raised to 
20 g per hour for a 20-in. filter with 300 ft face velocity 


_ code Te 


te provide a practical rate of feed to meet tl 
quirements. When the test results for this rate of dust 
feed were compared to those tor rates of 40 and 60 g per 
hour, other conditions remaining the same, it appeared 
that much higher rates of feed might be justified in the 
standard code. 

The lowest rate of dust feed used in the first series 
of tests was 10 g per hour, and the question arose as to 
whether the filter performance at high rates of dust 
feed, selected for test purposes, would be comparable 
to the performance characteristics which might be ex 
pected on the filter at the very low rates of feed met in 
practice. In order to answer this question a series of 
tests was run in which all filters were tested at a dust 
feed of 2 g per hour, other conditions remaining constant 
and equal to former tests. The dust mixture for this 
series consisted of 50 per cent Pocahontas ash screened 


] 


through 200-mesh screen, 20 per cent Illinois fly-ash 
passing a 200-mesh screen, 20 per cent Germantown 
Eagle Brand lampblack passing a 100-mesh screen, and 
10 per cent Fuller’s Earth passing a 100-mesh screen. 
The results of this series of tests together with the pre 
vious tests ranging from 10 to 100 g per hour of th 
Table 1. The cor- 


rected test values shown under the 2 g rate take into 


same dust mixture are shown in 
consideration the weight of dust in the laboratory air. 
To obtain the additional weight the test apparatus was 
run without a filter in place and with no artificial dust 
feed. The increase in crucible weight was recorded for 
four 5-hour periods. The recorded increases were 0.0015, 
0.0013, 0.0017, and 0.0015, giving an average of 0.0015 ¢ 
for the 5-hour period. Asa check on this method, a fil- 
ter, which from previous tests was estimated to have 
an arrestance of 80 per cent, was placed in the test 
apparatus and a test run was made also without the ad 
dition of the dust mixture to the air stream. The gain 


B, C and D 
Dust mixture 50, 20, 20, 10) 


Table 1—Average Dust Arrestances for Filters A, 
(Face air velocity 300 fpm. 


Rate or Dust Freep. Grams per Hour 


2 10 20 i) 10 oO 100 
77.5 77 3 
' {‘ rrecte ) 77.2 80.3 76 9 7 7 
80.1 
_ 82.1 g1 0 
(‘ orre: ted’) 80 0 78 2 81.3 s1 9 82 0 a2 8 
M3 81 7 
71.6 
(‘ rrecte ) 72 3 72 0 oo .9 71 4 GR 2 
75.2 
SS 4 Q2 
(‘ orrect« ty SY SS 92 0 93.5 o4 6 92 4 
90 7 
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Table 2 


Particle Size Distribution in Different Kinds of Dust 


v 
. 7 x 
- | THs 
Black 100 3.7 70 S4 iS 8 
Black 100 7 80 is 
CottrellA 200) 2 8 ry ; 
\ 200 
« ' 4 ‘ ‘ 
A\< 2 ) S4 
in crucible weig! vas low te 20 
without the filter, indicating that the calibration t 
were correc ind that the we Prt ¢ us 
air used tor the hiter tests increas 
the filter by approximately 0.248 L} ‘ 
rection was made tor the 2-¢ rate, but g 
rates shown in lable 1. This « ect 
ave much less eftect for the higher rates « ust fe 
Later in this test series it was discovered 
lampblack used was of slightly tteret 
other characteristics than that ust i! e fi 


and that the dust arrestances for | te! 


were materially higher for this lampbla whet 

alone than for the same filters on the pre 

Since only 20 per cent of lampblack was us¢ 

dust mixture of the present tests, this differes 

final results would not be great ut it Ww 

tendency to raise the arrestance of those test 

the 2 @ rate with the new lampblacl ts uld Lx 

that the rate of 2 g per hour as te I 

grains per 1000 cu ft, which 1s comparabk 

concentration in the air of industr ~ | 

of feed is only eight times the normal dust concent 
the laboratory air, whereas a teed of 40 © px 


160 times normal. 


The conclusion drawn from the tests 


1 is that for typical filters the arrestance value 
rates of dust feed are substantially the same as those 
the 10- to 100-g¢ rates Since the higher rates 
practical for actual filter performance tests 
able to use them The tests at the 2 gy [ ere 
continued for a sufficient length of time to determin 
effect of this low rate of dust feed on the life of filte 
but obviously such tests ar 


+! tand set + tat re WT ] 
‘ standapoimn .) rie equ ec 


Dust Particle Size and Filter Performance 


, , 
| ( prect 5 ef 
, , 
nine the particie s stributy1 ‘ 
1 ‘ 
usts screened itferent sizes I 
‘ t) le , 
oT a Cit s17¢ ] ( { Tice { 
lters The analvsis particie size \ 
“ 49 
lusts used excepting Fuller's " e eft 
‘ | 
rricle s17e€ on t¢ ™ ) i ‘ ‘ ( 
| ’ 
or Illinois fly-ash and Vocahor 
nges of screenings 
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small percentage of particles over 25 microns in dian 


The results of the dust particle size analysis are shown 
in Table 2. When one figure is given in the column 
headed Screen Mesh, it indicates that all dust particles 
passed a screen of that mesh. When two figures are 
given it indicates that all dust particles passed the larger 
screen and were retained on the finer screen. In making 
the analysis of particle size from the screened samples a 
small portion of the dust was placed on a glass slide and 
covered by a drop of turpentine. The slide was then 
tapped until the dust particles had distributed themselves 
in the turpentine, after which the turpentine was evapo- 
rated leaving the dust particles exposed on the glass sur- 
face. Microphotographs were then made of these sam- 
ples and used for measuring dust particle size. Results 
given in the table are the averages of from 300 to 500 
particles for each sample of dust. Since the arrestance 
of a filter is based on the percentage, by weight, of the 
dust removed, it would appear that the figures in the 
column headed Approximate Diameter of Particle with 
Average Volume are better measures of the qualities of 
dust as a filter test material than are the figures giving 
the approximate average diameter of particles. The 
volume increases as the cube of the diameter increases 
and weights of the dust particles are in direct relation to 
their volumes. 

Referring to the distribution of particle sizes in the 
various samples, it is interesting to note that for the car- 
bon black, lampblack, bone black, and Cottrell ash, all 
of the particles are below 25 microns in diameter, even 
though the 100-mesh screen used for the first three sam- 
ples would pass 147-micron diameter particles and the 
200-mesh screen used for the Cottrell ash would pass 
74-micron diameter particles. It should be noted, how- 
ever, that carbon black and lampblack have a tendency 
to agglomerate and it is very difficult to pass them 
through a screen finer than 100-mesh, even though the 
individual particles should all pass a 325-mesh screen. 
The Cottrell dust could all have been screened through 
a 325-mesh screen as it does not agglomerate. In the 
case of the Illinois fly-ash and Pocahontas ash two differ- 
ent ranges of particle sizes were screened. The figures 
giving particle size distribution show that a large num- 
ber of the fine particles were retained on the 325-mesh 
screen. As a matter of fact the greater number of par- 
ticles of Illinois fly-ash and Pocahontas ash which were 
retained on the 325-mesh screen should have passed this 
screen. This retention was caused probably by many of 
the small particles adhering to larger ones and thus being 
prevented from passing the screen. 

An interesting point to consider is the large percentage 
in total weight of dust samples accounted for by the very 


This is shown very clearly for the Illinois fly-ash scre« 
between 200- and 325-mesh, and to a slightly lesser 
tent for the Pocahontas ash screened to the same 
This is a very important point to consider when s 
ing a dust to be used for testing a filter on the w 
basis. A small percentage of large sized particles 
have an undue influence on the filter arrestance. \\ 
a large percentage of the weight of the coarsely scre: 
coal ash dusts are made up of particles above 25 mi: 
in diameter, all of the particles of these samples we: 
the type which float readily in the air. 

An attempt was made to use the dust from Illinois 
ash and Pocahontas ash screened between 100- and 2) 
mesh, but many of these particles were so heavy that 
settled out of the air very rapidly and were impra 
for filter tests. The particle sizes which should pas 
different screens are as given: 


Screen Size vom Fp Ri 
100 147 
150 104 
200 74 
325 43 
400 38 


‘rom the results of Table 2 it would appear that 
bon black, lampblack and bone black might be screen 
through a 100-mesh screen, Cottrell ash either throu 
a 200- or 325-mesh screen, and Illinois fly ash and Poca 
hontas ash should be screened through a 325-mesh ser 
From the table of screen sizes it is evident that not! 
would be gained by screening finer than 325-mesh 

An attempt was made to grade further the particles 
Illinois fly-ash and Pocahontas ash which passed throu 
the 325-mesh screen by a process of elutriation. It 
found that when these dusts were mixed with a soluti 
of water and alcohol only about 1.2 per cent w 
remain in suspension for a period of one hour. As | 
was the minimum time that would show a definite d 
ence in diameters of particles which settled out 
which remained in suspension, the method was 
doned as impractical. 

Table 3 shows the performance characteristics of ea 
of the four filters when using the fine and coarse screened 
Pocahontas and Illinois fly ashes. The test results 
the Pocahontas ash are shown in the curves of Figs. 2 
4 and 5 for Filters A, B-1, C, and D respectivel) 
Illinois fly-ash was not used for Filter 4. This was 
to the time required and to the probability that not 
new would be gained over the results for the other | 

From the curves it will be noted that the dust ar 
ance was maintained uniformly throughout the 





Table 3—Comparison of Filter Performance on Different Dust Particle Sizes" 
(Dust Feed 40 grams per hour. 


Air face velocity 300 fpm) 




















Approx. Dau. | ae ES ee | Piuren D 
TYPE OF OF PARTICLE | * 
Dust WITH AVERAGE| ARRES. LiFe D. H. C.> ARRES. Lire D. H. C.t ARRES. Lire D. H.C. ARRES LIFE D 
VoLUuME Per Cent! Hours GRaMs Per Cent! Hours Grams | Per Cent! Hours Grams | Per Cent! Hours ( 
i i sat 1“: o 
Pocahontas | | | 
Ash 10.3 | 91.4 16.0 585.6 | 93.2 6.7 29.8 | 77.7 10.3 325.5 94.5 13.5 
Pocahontas i | | 
sh 22.3 | 94.4 16.0 | 604.1 | 93.5 7.4 | 277.4 84.9 12.9 441.8 91.8 | 12.7 
Illinois | | 
Fly-Ash 9.7 — — | -- | 96.3 108 | 415.9 | 81.6 13.9 457.7 04 6 30.4 25 
Illinois | 
Fly-Ash 20.1 Pn -— | | 06.2 | 15.3 | 588.9 83.3 15.0 497.0 90 6 - 
| | | | 














*Results based on a resistance rise of 0.15 in. of water across the filter. 


>Dust holding capacity. 
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Fig. 2—Effect of Pocahontas dust particle size on performance of Filter A. 


period for all filters excepting Filter C, in which case it 
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railroad applications which contamed « vy 2 r 


This also 
The tests 
»nresented later on for the same filter with dust mixtures 


eradually decreased as the test progressed. 
had a tendency to increase the life of the filter. 


showed substantially uniform results throughout the test 
period at the same rate of dust feed. The reduction in 
arrestance cannot be interpreted, therefore, to indicate 
that 40 g per hour is loading the filters too rapidly when 
mixtures containing some carbon are used. 

An analysis of the test data in Table 3 and the curves 
indicates that the performance characteristics for Filters 
!, B-1, and C are slightly better when using the coarse: 
ash, the greatest difference in arrestance being for Filter 
C. For Filter D, however, the results are reversed. When 
using the Illinois fly-ash in Filter D it was found that the 
coarse ash had a tendency to drop off from the face of 
the filter making it impossible to complete the test with 
This was not true of the 
fine mesh dust as the cotton filtering pad was weighed 


out giving misleading results. 


belore and after the test accounting for all but 4.95 per 
cent of the weight of dust taken out of the air by the 
filter. A part of this loss was accounted for by the dust 
which actually fell off from the filter media in removing 
itfrom the frame. The results of this part of the investi 
gation, indicate that the finer dusts are better adapted to 
the rating of filters, and it is recommended that if eithe: 
Pocahontas or Illinois fly-ash is to be used it should be 
screened through a 325-mesh screen. 


Different Types of Carbon and Filter Performance 


Che filter test code states that the standard dust shall 
contam 50 per cent by weight of powdered lampblack 
ontaming 97.5 per cent of free carbon minimum, and 
having a bulking value of 3% Ib per cu ft minimum 
revious investigations have shown that there are many 
ferent types of carbon that will fill this requirement 
| that some of them have a marked effect on the per 

ance of a filter. Even though the specification is 
ted to lampblack there is still a wide latitude in ma 
terials which could be selected to meet the code require 
ment. This uncertainty as to the characteristics of a 
ible lampblack and the handicap which large per 
‘ages of some lampblacks place on many filters lead 
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of lanypblack instead of the 50 per cent require 
code lhis change in the dust speci 
the difficulty but did not eliminate 1 

In order to find out more about the different grad 
ol carbons and thei eftect on filter arrestance wut 
terials were selected and a study was made of the eft 


of these materials on the pertormance characteristi 


the four types of filters. The materials were as foll 
Lampblack, Germantown Eagle Brand, manufactured 
.. Martin and Co.; Carbon Black, No. 5 grace ul 
factured by Binney and Smith Co., New York ( 


Bone Black; No. 7 Cosmic Black, manufactured 
American Agricultural Chemical Co., Detroit, Mi 

Soot, removed from the flues of an oil burning insta 
in which there was 


lation incomplete 


through a 100-mes!] 


These materials were all screened 
screen. The analysis is shown in Table 2 
to note are that all dusts are made up of very tin 

ticles, the largest per cent in each case being less thai 


5 microns in diameter. The densities, however. as show? 


| Cit See Nete 


| ee a 1k 
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Fig. 3—Effect of Pocahontas dust particle size on per- 
formance of Filter B-l. Dust feed, 40 ¢ per hour 
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Fig. 4—Effect of Pocahontas dust particle size on performance of Filter C. Dust feed, 40 ¢ per hour 





in Table 4, are very different, the bone black being over black ; therefore the life and dust holding capacity 
three times as heavy as any of the other three. The ably would be less for this material if complete tests 
bone black was more granular and did not agglomerat run. In making this investigation of different t 
as did the other carbon dusts. carbon dust the results obtained from the lam; 
The results for the performance tests of the four filters were very different from those obtained from the 
when using each of the carbon dusts are shown in Table brand of lampblack in previous tests on identical 
tf and in Figs. 6, 7, 8 and 9 for Filters A, B-1, C and D, The arrestances were very much higher and the 
respectively, The results of these tests show that the the filter was somewhat shorter. For this reason 
arrestances for all four filters are in the order of carbon vestigation was made to determine the variatior 
black, lowest; lampblack, second ; and bone black, high lampblack samples of the same brand. 
est. As to the life and dust holding capacity, lampblack Table 5 shows the results of tests on Filters A 
resulted in the poorest performance values, carbon black and ) when using the lampblack of the previous 
next, and bone black best, with the on exception of and that of the present series of tests. In all cas 
lilter A, in which case the dust holding capacities were dust arrestance and the rise in air resistance act 
about the same for carbon black and lampblack. For filter per hour when using the dust of the second 
each case the life and dust holding capacity when using were much higher than when using the dust of 1 
hone black were decidedly longer than for the other series. It was thought at first that the relative 
types of carbons. In the case of soot the tests were made of the air at the time of test might have had some 
for short periods on Filters B-1, C, and D. The arrest on the arrestance values However, a compat 
ance of the soot was closer to that of carbon black than these humidities, as taken at the time of test and 
to that of lampblack. The density of the soot used was in Table 5, showed no relationship between humidit 
less than that of either the lampblack or the carbon arrestance It should be noted that when tests wer 
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Fig. 5—Effect of Pocahontas dust particle size on performance of Filter D. Dust feed, 40 ¢ per hour 
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peated using the same filter and lampblack from the sar 
e values were substantially unitorm. In each seri dust is s 
tests enough lampblack was purchased at the begi by the curves | 
ot the series tor the entire investigation so that tl that the ens 
est values of a series are comparable within themselves, tenth that ot ( 
ie results for the different series may not be strictly black and cat 
irabli evel thoug] thre Sale brand of lampbl cl sani lensiti 
sec] ne screen |? 
er it was discovered that a wide range in test \ i the coarsely screen 
] + ¢f } ‘ . ¢ 1] : | 
ught result from the same lampblack purchased a Illinois flv-as Ina 
ent periods, sample s of the same brand were eavier than 2F 
ected from as manv sources as possible and a series ot vas er cen ‘ 
tests was run on Filter B-1, the results of which are the same volume 
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‘able 4—Comparison of Filter Performance’ on Different Carbons 
(Dust Feed 40 grams per hour. Face air velocity 300 fpm) 


Dust Density and 
Filter Performance 





Table 5—Arrestance*, Resistance Rise*, and Relative Humidity During Test, For Filters A, B-1, C, and D on Two Lots of 
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Lampblack” 
: . ss FILTER A Fitter B-1 | Fitter C Fiter D 
Dust ARR. RESISTANCE PER ARR. RESISTANCE PER ARR. RESISTANCE PER ARR. RESISTANCE 
PER Rise In. CENT PER Rise IN. CENT PER Rise IN. CENT PER Rise In. 
3 SRN ce eae CENT | Water Hour R.H. CENT Water/Hour | R.H. CENT Warer/Hour R.H. CENT Water /Hour 
Performance with first lot 1% ai " - 5 | 23 3 0.007 46 g “a Py 
Lampblack...... ; | 21.7 | 0.001 |} 46 27.8 | 0008 | 4] | 74.1 | 0.096 
17.1 0.007 | 42 
Performance with second lot_ a . are 65.2 0.008 | 40 | 45.4 0.055 “22 z x ; 
; Lampblack..... : 74.3 0.013 i; 45 | 56.8] | 2:3 a 0.074 26 | 82.5] 0.175 
i 63.2 | 0.084 | 24 | 36.8 0.079 | 40 | 
i — on 83-hour average 7 
oth lots same brand from same manufacturer. 
The life in hours and “OOO Tr ttTy I 
dust holding capacity in OT TOTO ryt 
grams were both deter- wrt ptt et ep tT ty + +++ os a 
mined on a basis of 0.15 = *, CDP pe coo 
in, of water increase in ts [TTI vael SaReare | oa OD 
resistance across the 2 +++3}4 . ' born tte ; 
filter. The graphical re- 8 eee a | eeeee 
lation between dust hold- = “* Att coc | rT « 
ing capacity and dust wb : t } 
density is similar to that ad B | | Li} tidy 
' for life and dust density, -TT I i ; 4 
but lack of space does 
: not permit its inclusion. 
In all cases the life and Ser * 
dust holding capacities TT TH PA trae Es 
increase with increased COCO) soe carton ates 
density. This is to be ex- Gee ee 
pected since each filter (Fe 2 Pe ee? FS Ae ee eee Se 
has a definite volumetric Fig. 8—Effect of different carbons on performance of Filter C. Dust feed, 40 g per hour 
dust holding capacity, 
and for the heavier dust “Ao A 
the volumetric feed is in ** [TTT sane BS ea rrytyti tt 
inverse relation to the ee peptic rt PTTIT TTI Tritt Ti 
density. The arrestance fe 4 ee HH 
values, as shown in 3, Ped tte 
Table 7, do not bear the = * At TTTHTTLIT LL LLLLLLELILLLLLLLLLLL Tritt ti 
same direct relation to "ATT HHH OOOO | 
the density of the dust, o EE Coy 4 
as there is only a slight 
positive correlation be- if Ld 
tween the two. For fil- art 
ters A, B-1, and C the 
arrestance values are 
considerably lower for | + | Lj } tipi ppp pit tii 
: q > Be Filter O 
soot, lampblack and car- rc Bone Black 
bon black, and for Filter Coot oon SERS SSeS Reese 
D they are slightly lower Cee ttt 4 Deere eee er 
for these dusts than for os ee eee ee eee ou 
the others, There are ap- Fig. 9—Effect of different carbons on performance of Filter D. Dust feed, 40 g per hour 
parently other factors 
than dust density which affect the arrestance values. eral lampblack and carbon black show the lowest 
This is evident by the variations in results for the dif- umetric capacities for each filter. For Filters A, B-!, 4 
ferent lampblacks, even though the densities were sub- C the coarsely screened Pocahontas and Illinois 
stantially the same (See Table 6). show slightly greater capacities than for finer scree 
Both the life and dust holding capacity of all filters ashes, but for Filter D the results are in the inver 
show a decided increase as the density of the dust is in- order. ‘ 
creased, with a constant weight of dust feed per hour. In rating a filter for life and dust holding capacity 
lf, however, the dust holding capacities are based on vol- seems evident that a dust should be selected which 
ume of dust feed, there is a much closer relation between — only has the proper grain size, but also one which has 4 
dust holding capacity and different types of dust for the density which corresponds reasonably well with the dens 
same filter. This relation is shown in Table 8. In gen- ity of dust to be found in the air. Of the coal ashe- us I 
9 t 


. . q 
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Table 6—Comparison of Lampblacks* on Filter B-1 
Dust feed 40 grams per hour. Face air velocity 300 fpm) 





st | Av ARRES. Lire Av Rgsts. Dust Dust 
| por 2 Hours | tn Hours | RIsE Density | SAMPLE | SouRcE 
| PER Hour 
6 7288 } 18 0.088 0.183 1 
7 74.0 18 0.089 | 0.213 2 A 
ye 2 vie 1.9 0.084 | 0.203 3 
250 75.6 2.3 0 063 0.206 4 
6 | 72.1 2.1 0074 | 0.209 6 B 
82.4 19 0.087 {| Approx. |) 
9 64.4 1.9 0 084 same as A 
912 56 8 | 1,2,3,4 
917 66 2 | 18 0 098 | 
55 | 58 4 1.5 0 049 0.265 5 ( 
61 46 7 23 0 066 0.238 7 rn 
114 281 Approx. 4.5 0 024 0.156 ‘ 
' ' ' 
*All lampblacks same brand and same manufacturer but from different 
supply houses : 
>Rased on final resistance of 0.30 in. of water across filter. 


eRased on 2-hour average. 


t appears that Pocahontas should have the highest rat 
ing and Cottrell ash the lowest rating as to this quality. 


General Comparisons of Filter Performance 
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graphically in the diagrams of Figs. 11, 12 and 13. Th 
life in hours and dust holding capacity in grams were 
based on an air resistance rise across the filter of 0.15 in 
of water. The average initial test resistances of the filters 
at 300 fpm face velocity air were as follows 


A—0.233 in. water 
B-1—0.145 in. water 
C—0.149 in. water 
D—0.101 in. water 


which was 


A 


It is recognized that a resistance ris« 


All filters were 2 in. in thickness excepting 
+ in. in thickness. 
of 0.15 in. of water is less than that specihed in the cod 


j 
} 
f 


or than would be expected in practical operation of t 
filters. This limit 


excessive time that 


was used, however, because of the 


would have been required to runa 


tests up to a final filter resistance of 0.4 or 0.5 in. of 
The of 
effect 


limits resistance used should not 


the 


water. low 


have any on results 


comparative ior a 
filter when using different types of dust, but might hay 
some effect on the comparative values for different { 


on the same dusts 


The arrestance values from Fig. 11 show a wider 
The relative values for arrestance, life in hours, and spread for the values of different filters when using 
lust holding capacity in grams, for the four types of lampblack and carbon black than when using the other 
filters tested with different types of dust are shown tvpes of dust. All filters show satisfactory arrestancé 
values when using any of the ash materials 
— a _ . Filter life, as shown in the diagram of Fig. 12 
Ja are “4m j is very short in all cases when using lampblack 
: ' ttt ot } fh. ' and carbon black. In general, it is the longest 
i | 4 S| 1 |/7)_} j 
, pt} } 4 ° s}+—+—+ lA P| when using Cottrell ash. The dust holding ca 
aw eee » Tat pacities in grams as shown in Fig. 13 follow 
: +44-++-+ { c bt substantially the same relation as the valu 
§ gh i ‘= | Sac ge c , ; 
| +» LIZ giving lite in hours. In general, as previous 
Filter A Oo s}-de- Fitter 8 : ' 
rt e Z do - pointed out, the lighte1 we ight dusts snow low 
a pt te dust holding capacity and life due to the volu 
fe Mours ~ : metric limitations of the filters It should be 
eTTTTiyrTtT T Te SORE RDBEELEEERES noted that no one type of filter is best for all 
oS oe oe sea + ond + types of dust. 
= : 
. > > + . . > 4 os > > - - ‘=<? . + ~_—- _ ri ‘ 
1 + See" aan Table 9 shows the life comparison of three 
a weet ora ? filters, B-1, C, and LD, when tested with a given 
ai tT — gadt+t+ yt} , mixture of dust and compared with the 
«} | | | | - | 2 | | TI I ] hed ] weighted life for the same filters tested with 
Tritter ¢ LLL 3.12 Tiilii Fitter @ 11 the individual dusts of the mixture The fig 
++ > ; 4 bw ie es tos ures in the last column show that there is a 
et I AS SSSR ToS PREKSHCSRESECEES : 
ea = a Fe —s ' |S low correlation between the weighted and a 
ife 7 Moers ife wn ours s 
= ™ ‘ . . tual test values, the weighted life being the 
Fig. 10—Effect of dust density on filter life. Dust feed, 40 ¢ per hour nd te 
greatest in all cases. In other words 
when two dusts are used in a mix 
somebiocs Corbentioch — Boneblect Cottrei/ Meh — Becahentes tah Pocahontas Ash nos ly Asa “ ture, one of which gives a short life 
wv teat an mie a9 ate te ; : 
¥ O08 wr Mr wr vy ae _ Me to the niter and the other a iong 
j Sees A — bes ‘& ver 0 : . 
Biter 2 E Hier ay Her 8 F life, the short life dust has a greatet 
a ry ae wg. <i ier A e c wae ite xs / : 
| Filter é r 7 - fie a effect on the life of the filter than 
wg ler 2 Fitter Filter B > ar we 1 
» 3 fie 4 a i Oe rime a ep oat Hire would be expected from its actual 
"S antin , eens | I ao 8 oe bl bi | percentage in the mixture This is 
4 | | 7 . > “— a8) , d 
" =e Ce pp ce te oe at 2 “2 in contrast to the results obtained 
” wt wt o- sab aa. al- * by weighting the values for filter 
Seeds arrestances of individual dusts and 
= <a ar <a a“ at at : 
comparing them to the arrestance 
. ae rs We , 
we a al = values for the combined dust In 
oa om nl = el am = this case there was a very high cor 
> on * oe a> oy aT relation of results. as reported in 
ou at a. a al al al on the previous paper. 
: ' . , Figs. 14, 15, 16, and 17 show the 
Fig. 1) Comparative filter arrestances for different dusts. Dust feed, 40 g per hour 5 ’ ’ ’ 
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Table 7—Relation Between Dust Density and Filter Performance* 
(Dust Feed ‘0 grams per hour. Face air velocity 300 fpm) 


S . 

Dust Density Dust HotpinGc CaAPaciry 
: 

; 





Dia. PARTICLE Lire In Hours iw GRAMS ARRESTANCE IN Pt 
Cryer or Dust MICRONS, 
Grams/ | PouNpbs WITH 
ce CU FT Av Voi 1 B-1 ( D { B-1 ( D 1 B-1 ( 
Soot 0.135 8 45 so ~ 
Lampblack 0 208 12 7 7 2 iS 18 2 8 ou 146.6 5 2 0S 29 5 75.9 66.0 ; ! 
Carbon black 0210} 13.2 7.0 > 1 3.1 6 2 15 145.8 71.0 724 is 5 71.4 Ss 2 i4 
Pocahontas 200-325 0 OS6 ww S 22 3 16 U0 74 we 12.7 Ho4 | 277 4 441 8 Ww4iei0 “4 4 OS a | 
Pocal tas 3254 0 718 148 10.3 16 0 6.7 10 3 13.5 985 6 240 8 325 5 5110 vl 4 OS 777 
Boneblack 0 741 m3 50 26 9 11 8 12.5 10 8 S38 4 3860 202 4 365 4 78 7 S18 § 2 
Illinois Ply-Ash 3254 0 795 49.7 0.7 10 8 13.9 30 4 115 9 457 7 |1152 8 i) Ss 
Hl is Fly-Ash 200-325 0 857 535 20 1 15.3 15.0 588.0 197 0 06 2 g3 
Cottrell As! 1 285 SO 4 6.0 3.0 21.4 22 6 29 2 (1590.0 815.1 709 4 |1021 ¢ 92 47 784 
\ values based resistance ise f 0.1 ir wale Ss Ite 
bh st ited value 
pel formance curves of lilters 4, B-1, C and D respec Table 8—Dust Holding Capacities* in Cubic Centimete: 
tively when using two different dust mixtures, the first 
consisting of 50 per cent Pocahontas ash and 50 per cent ‘ ; 
lampblack as described by the Code, and the second con Peep! 
? : 1 - (rs AM ‘ ‘ ri b 
taining 50 per cent Pocahontas ash, 20 per cent lamp 
black, 20 per cent Illinois fly-ash, and 10 per cent Fuller's Lampblack 0 203 199 7 
7 - ; . . Car \ 0 210 1o0 ; S 
earth. All filters show a marked reduction in arrest Pp tas A 
‘s . . . Ab) Lo} 1) OS Ss SS 
ance and life when using the Standard Code dust as p car 
. - . — > 25 4 Oo 71S s! is 
compared with the 50-20-20-10 mixture. Fig. 18 shows a o 74) . 
the performance curves for the same filters when using og ge 0 79 , ; 
Cottrell ash. This ash has been used unmixed, in some Mtn we Tly~A one 7 _ : 
cases, as a test dust. From a comparison of the curves Cottrell A 1.28 
for the different dust mixtures and Cottrell ash it will a ; 
; 2 - Ras s P P s 
be noted that in all cases the filter life was longest when = ; ; 
using the Cottrell ash. lor Filters A, B-1, and C the 
arrestances were higher when using 
the Cottrell ash than for either of 
the two dust mixtures. Tor Filter Pues nimaeien Ricsitteet wire Mohs Macatantay Act vest 
0S “Mast 2 wesw “ate 
D the arrestance was lower when i 
é é 4 e + 4 
using the Cottrell ash. f ; : . . : 
While it is apparent that a dust , 
mixture containing 50 per cent of Se ar : 
lampblack as called for in the Stand . ile ' 
ard Code probably penalizes the E 
performance of most filters, it is also , , ' «| se 
evident that Cottrell ash is not an ? me Za § hye = b 
ideal dust to use for rating air fil ‘ ot. te. ws 4 aa ha 
ters because its high density results fe 24 © oo ‘ ‘ ‘ ‘ ¢ 
in performance characteristics bet e Ermer ag T 
ter than those to be expected in Fig. 12—Comparative filter life for different dusts. Dust feed, 40 ¢ per hou 
practice. The 50-20-20-10 mixture 
seems to be preferable to the other 
two test dusts used, but there still 
Is a question as to whether this mix Lemebiecs Corbensiocs — Sanebioct ettrei/ Ash —-Bacahontys Ash Pocohentes Ash 
WS ohes* "00 BOS Ahos* vt 
ture has all of the qualities for a 200; 0 200 ¢ 2 200 nv ce : 
practical dust mixture to be ac a f- ; - . : , 
cepted as a standard for test pur co | ae gt Miter | ae - . 
poses. It seems probable that a, 
F a . ig ae. we ‘ we > oe a or aa 
satisfactory standard dust might be : Lael 
- Ps t ae sa (ilter 8 a 00 - aoe 
inade up of not more than two or - sn 
three components. These compo-  } *” - “ yates “eth. n : 
nents should be of low density.  & « sae ow sa 7 rites Gp Titers am al 
Further investigation should be f « Po | se r wir filter 2 gy so ee 
» _ ‘© i o 
made in order to select a carbon ¢= J) “a a al ie ere 
Pea : F filter 2 rag 
dust, as well as ash dust, which can 3 e ad S Bea eee Kt al 
_ ter a 
rae cde aC im. wv Lat w 77 
. . . —_ oa “Mer 4 
Fig. 13—Comparative filter dust hold- oF ed ed w a « ee . 
. e.° . ¢ ii fer 
ing capacities for different dusts. Dust Emer By Fiter 2 
feed, 40 g¢ per hour e* ai - ‘ 


396 Heatinc. Preinc ann Am Conpitionine, Jun! 








T ble 9—Comparison of Actual Life of Filter with Weighted Life 
fer 50-50 Mixture lust 


R ACTUAL LIF! WEIGHTED LIFE ACTUAL Lire « ta 
in Hours IN Hours We ED j 


>” 8 1 > ‘ 
‘ vate 


uplicated with reasonable accuracy 


Conclusions and Recommendations 


\ summary of the conclusions drawn from variou if 


ons of this discussion are as follows: 


In rating a filter it is not practical to duplicat I ‘ 

y low dust concentrations met 1 practice est 
that rates ot dust teed excess ot i 1 f 

Sf rd Test Cock £ ( i irrestances vl ire 

} } ' | + +) rat 
ible to thos tained a \\ ites It pr 
' desirable im revisi t \ Filter Te t { "at t 
I dust tet l I 


a ni , ; 
Pp tt op ot tg mane ee eee eee -_—* 
. ; 
‘ 
‘ o> o- P 
= ==—— at | | Rf a. 
‘ }—}—+ OQ —4+—4+-_-4 4,4 dad 5 hc —— or mo —. om ; 


ae 
e 











ae pment + > — 445g 4 

8 eee - - 4 + 

+—+—+—+ —+ + —+—+ + . + + + 

Mes Siane . 
. We Non 
4-4-4 — 4-4-4 4 >_> > + + +—}—+_+—4 +— " . Ash 
; - + e Mes . 
4 sé 90 P - ee ‘ ie « ‘ , te % eo 4 “ “ 4 
leg? ’ 2” 


Fig. 14-—Performance curves for Filter A on two dust mixtures. Dusi feed, 40 ¢ per hour 
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two dust mixtures. Dust feed, 40 g per hour 
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and not for the purpose of comparing the different 
used. To compare the merits of the different types of 
would require a much more extended series of test 
any attempt to make comparisons from the data 
sented here would be misleading. The filters used 
selected because they were typical of their classifica 
and it should not be construed that they are su 
to other filters within their classifications. 
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Northern Ohio Chapter 
Meets at Cleveland Club 

April 10, 1939. At a meeting of Northern Ohio Chapter held 
at the Cleveland Club, dinner was served to 29, while the at- 
tendance at the business session was 42. Treas. E. W. Gray 
presided and the minutes of the previous meeting were read 
by Secy. C. M. H. Kaercher and approved. The treasurer pre- 
sented a written report showing the current financial status 
of the Chapter and a bank balance as of April 10 of $150.98. 

Reports of standing committees were in order. C. F. Eveleth 
of the Publication Committee gave a thorough review of current 
articles of interest to members. L. S. Ries reported for the 
Membership Committee. 

The meeting then proceeded with the selection of the Nom- 
inating Committee. Nominations were offered and a written 
ballot resulted in the election of C. F. Eveleth, G. L. Tuve 
and L. T. Avery as the three members of the Committee. 

The Program Committee took charge of the meeting and 
introduced as the guest speaker, Randolph Eide, president, Ohio 
Bell Telephone Co. Mr. Eide gave an interesting word picture 
of the telephone business and then showed sound pictures of 
the damage to telephone systems caused by the hurricane in 


New England last fall. 
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At the conclusion of the talk, the members express« 
appreciation to Mr. Eide by a rising vote of thanks. 


Engineering Aspects of Atmosphere 
and Efficiency Subject of Toronto Meeting 


April 3, 1930. The regular meeting of Ontario Chapter 
held at the Royal York Hotel at 6:30 p.m. with 85 mem! 
and guests present. 

Following dinner it was moved by J. W. Bishop and s 
onded by M. W. Shears that the minutes be accepted as writ! 
Mr. Shears reported that the Code on Hot Water and >t 
Heating Systems for Homes Up to 50,000 Cu Ft Capacity 
being distributed to various civic authorities and engineerin 

organizations for their comments. 

Pres. H. B. Jenney called upon E. R. Gauley to introcu 
the principal speaker of the evening, J. R. Hertzler, Yor 
Ice Machinery Corp., York, Pa. who spoke on Atmospher 
and Efficiency in Its Engineering Aspects. A _ discussion ! 
lowed Mr. Hertzler’s address. Mr. Shears extended a 
thanks to the speaker on behalf of the Chapter for lis ver 
instructive talk, according to the report of Secy. H. R. Rot! 


vote 
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Small Stokers 


By Paul A. Mulcey,* Primos, Pa., and Ralph A. Sherman,** 


Columbus, Ohio 


(MEMBERS) 


Part 2. Small Stokers for Bituminous Coal 


OAL has long been the fuel predominantly used 
for heating in the United States. Bituminous 
coal and anthracite heat over 85 per cent of the 

one- and two-family residences of the country. Between 
15 and 20 per cent of the total production of bituminous 
coal. or 60 to 80 million tons of a normal production 
of 400 million tons, is used for domestic heating. 

Most of the bituminous coal used for heating has been 
f the larger, so-called domestic sizes, fired by hand in 
central heating plants and stoves. Fired in this way, coal 
has the advantages of simplicity and dependability of 
equipment. Given the coal, which is produced in 28 
states and widely distributed to the remainder, and the 
simplest type of fireplace, stove, furnace, or boiler and 
with no dependence on the availability of electric power 
or other utility, a home or building can be heated with 
little possibility of failure. 

The simplicity and dependability of bituminous coal 
as a fuel for comfort heating have been attended by cer 
tain disadvantages. Among these are (1) dirt and 
smoke, (2) the tendency toward non-uniformity of heat 
ing, and (3) inefficiency in the utilization of the potential 
heat available in the coal. All of these difficulties may 
he greatly reduced, if not entirely eliminated, by intelli 
gent methods of firing but this generally introduces a 
fourth difficulty, that of increased frequency of attention 
Despite these disadvantages of bituminous coal and de 
spite the availability of automatic firing devices for oil 
and gas earlier than for coal, coal held its position be- 
cause it is, in most parts of the country, an economical 
source of heat. 

\ need for an automatic device to fire bituminous coal 
in heating equipment without the disadvantages of hand- 
firing has existed for many years. That this need was 
not met by manufacturers of stokers that were used 
under large heating and power boilers is explained by 
the fact that an entirely new type of engineering and 
merchandising was required. Whereas the firing equip- 
ment for larger boilers is more or less individually de- 
signed and adapted to each installation, the possible sales 
price of the smaller equipment could not absorb such 
individual engineering expense. New methods of mass 
production and mass merchandising of equipment that 
could be sold and installed with a minimum of time to 
each job were demanded. 

This demand has been met and an entirely new group 


_—_... 


“Assistant Director, Anthracite Industries Laboratory, Primos, Del. Co.. 
.. Author, Part I. 
a Supervisor, Fuels Research Laboratories, Bituminous Coal Research, 
» and of Fuels Division, Battelle Memorial Institute, Columbus, Ohio. 
Author, Part IT. 

J . . . . 

Part Domestic Anthracite Burners, published in May, 1939. 
werent ted at the 45th Annual Meeting of the American Sociery oF 
“EATING AND VENTILATING ENGINeERS, Pittsburgh, Pa., January, 1939. 


Pa 


Heatin«,, Princ anp Air ConbitT10oninc, Jung, 1939 


Althoug] 


there is some overlapping in the fields of the 


of manufacturers of small stokers has arisen 
lary st 
sizes of one group with the smallest sizes of the othe: 
the fields are quite distinct. 
the small stokers were in the larger types of heating 


The early installations of 


homes, but 


the range of sizes extended downward until today the 


boilers in commercial buildings and large 


largest number of sales of stokers are those having a 
maximum coal burning rate of approximately 20 |b per 
Difficulties with the early installations of the 
smaller sizes have been reduced by refinements produced 


hour. 


by research and engineering developments and the satis 
faction that the stokers give is proved by their increasing 
sales over the past few vears. 


From 9571 in 1932, the number of stokers sold in 








Pre mance 
ry — _ ~ 
14 _ 
4 | : ~ 
} i FURNACE WATER SECTION L \ 
Liao \ COm FEED SCREW \ } 
com FEED et 
‘ mm —_ wey P| 
Ars Seti . 1 





Schematic diagram of conventional domestic underfeed 
stoker 


creased to 101,808 in 1937. Of the total in 1937, 87,451 
or 86 per cent were of the residential size, burning 60 Ib 
of coal or less per hour; stokers burning bituminous coal 
numbered 78,377 and those burning anthracite 9074 in 
This demand for stokers has been a part of 
the increasing public demand for automatic heat as the 
sale of oil burners and gas burners increased markedly 
in the same period. The sale of stokers in July, 1938, 
was 9061 units as compared with 10,689 oil burners 


this class. 


Stokers Operate on Underfeed Principle 


Although a considerable number of the small stokers 
designed and used for burning of the non-agglomerating 
coals of the far West are of the overfeed type as de 
scribed by Yancey,® and some overfeed stokers have been 
made and sold in the remainder of the country, most of 
the stokers of the residential class and larger are of the 
underfeed principle. Fig. 7 shows diagrammatically the 
principal parts and general method of assembly of the 
conventional small stoker. The fractional horsepower 


SBurning of Various Coals Continuously and Intermittently on a Dk 
mestic Overfeed Stoker, by H. F. Yancey (Report of Investigation 3379, 
Bureau of Mines, January, 1938). 
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motor has its speed reduced to 1 to 2 rpm at which the 


feed screw revolves by a transmission that may be of 
the gear or hydraulic type. The screw moves the coal 
from the hopper, which has a capacity of 250 to 400 Ib 
of coal, through a cylindrical feed tube into the bottom 
of the retort shown at the left of the figure. 

The retort may be either round or rectangular. Round 
retorts are more common in the smaller sizes of stokers 
and rectangular retorts are the rule for large stokers. 
The coal moves upward in the retort past the ports or 
tuyeres distributed in one to four rows around the inside 
of the retort near the top. A row of tuyeres is also 
commonly provided around the outside of the retort at 
the top. 

Air for combustion is provided by a centrifugal fan, 
the rotor of which may be mounted directly on the shaft 
of the motor or driven through a V-belt. A damper, 
which may be manual or automatic, is provided in the 
air duct or on the inlet of the fan for adjustment of the 
rate of supply of air. 

Because pieces of foreign material that will catch 
between the flight of the feed screw and the entrance 
to the feed tube may be placed in the hopper with the 
coal, a removable plate is generally provided at the 
junction of the hopper and the feed tube for removal 
of the obstructing piece. A shear pin, an electrical- 
overload switch, or a hydraulically-operated switch in 
hydraulic transmissions or combinations of these is pro- 
vided for protection of the motor from overloads caused 
by jamming of the feed screw. To minimize or prevent 
arching of wet coal in the hopper, many stokers are 
provided with agitating devices in the hopper. 

For further discussion of the details of the design of 
small stokers and the principles underlying the trends in 
design, the reader is referred to a recent paper by 
Guthrie.*® 


Installation of Stokers 


Stokers are normally installed with the top of the 
retort at the level at which the grate was or would be. 
\ steel plate may be used between the retort and the 
walls of the combustion chamber or more generally the 
space below the level of the hearth is filled with bricks 
and sand. Above the steel plate or filling, the hearth 
is formed with plastic refractory. In larger installations, 
cast-iron dead plates are used instead of refractory and 
in some of the largest installations dumping side grates 
are used. 

Secause one of the principal advantages of a stoker 
installation over hand firing is the possibility of com- 
bustion without smoke, the installation should be made 
with ample distance between the hearth and the heating 
surfaces and with ample combustion volume to obtain 
proper mixing and prevent smoke. Standards for setting 
heights and combustion space requirements that are 
acceptable to stoker manufacturers, boiler manufacturers 
and smoke regulating departments have not yet been 
provided. The Steel Heating Boiler Institute sets a 
maximum limit of 60,000 Btu per cubic foot of combus 
tion space per hour and stoker manufacturers state that 
this is acceptable. They report installations where this 


*Small Underfeed Single-Retort Stokers, by B. M. Guthrie (Transac 
tions ASME, Vol. 60, 1988, 1 »-10). 
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rate of heat liberation has been exceeded with 
factory operation. On the other hand, limits as k 
35,000 and 40,000 are set by some smoke regul 
departments. Arrangements are now under way fi 
experimental investigation to determine the proper | 
for various types of coal. 


Sizing of Stokers 


With stokers, as with all types of firing equip: 
care must be exercised to have the equipment pro 
sized to fulfill the heating requirements. The s 
Manufacturers Association has recently adopted a 
form Stoker Rating method. The standard formu 


Load in Btu/hou 
Stoker size in pounds of coal . 

(burning rate per hour) Heating value of coal as | 
overall efficiency of 
and boiler or furna 








For warm-air furnaces the load is stated as the 
heat loss of the space to be heated and for stean 
hot water systems the load is calculated as the p: 
of the installed radiation or its equivalent by the us: 
accepted heat emission factors of 240 and 150 Btu 
square foot per hour, respectively, and a piping 
pick-up factor of 1.33. The pick-up factor is sul 
to change to higher values for unusual conditions 

The value for overall efficiency of the installation sug 
gested is 65 per cent for burning rates up to 100 |! 
coal per hour and 70 per cent for rates above this. 1 
values are only suggested average values and should 
decreased or increased dependent on the particular « 
ditions of the installation. 


Process of Combustion 


Through research conducted by Bituminous Coa! 
search, Inc., at Battelle Memorial Institute, the p: 
of combustion of bituminous coal on the small underfee 
stoker has been subjected to a detailed experiment 
analysis. In a series of reports by Sherman and Kais 
by Sherman,* and by Barnes, * *° the results and 
clusions have been reported in detail. 

Briefly stated, these conclusions are: Combustior 
not proceed by the strictly underfeed principle but 
combination of underfeed, crossfeed and overfeed p: 
ciples. With most bituminous coals, the caking 
coking are so favored by the rapid rates of heating 
the fuel bed that masses of coke much larger tha: 
individual pieces of coal fed to the stoker are for 
The air from the tuyeres cannot penetrate to the cent 
of the mass of coke and combustion occurs in a ring 
around the periphery of the retort rather than ove 
entire area of the retort. The coke rises in the cent 
breaks up and falis into the combustion zone. Thi as* 
as released is pushed onto the hearth around the 


7Combustion of Bituminous Coal in Small Underfeed Stokers 
Sherman and E. R. Kaiser. (T7vransactions Coal Division, AIM! 


1938, p. 388-407; Information Bulletin No. 2, Bituminous ( cal 
Inc., 1937). 
‘Automatic Residential Heating with Bituminous Coal, by R » 


man. (Proceedings, 22nd Fuel Engineering Conference, Appalac! 
Inc., 1938) 

*Fundamentals of Combustion in Small Underfeed Stokers, 
Barnes. (Tech. Report No. 4, Bituminous Coal Research, Inc., 19 
“Some Aspects of Combustion in Small Underfeed Stokers 
Rarnes (Presented at joint meeting of Fuels Division, ASM/ 

Division, ATME, October 1938). 


Heatinc, Preine anp Am Conprrrontne, Jun, 1!” He 








re it is subjected to the high temperature from the 
ce ubustion zone and is fused into a ring of clinker for 
oval with tongs. 

Selection of Coal for Underfeed Stokers 
erformance tests of various typical coals have been 
included in the program of research of Bituminous Coal 
Research, Inc., and have been reported by Sherman, 
Kaiser, and Limbacher,'' Limbacher and Sherman,'* and 
Sherman.'® The results of these tests have shown that 
of the various characteristics of bituminous coals, such 
as volatile content, ash content, ash clinkering tenden 
cies, caking and coking characteristics, and size, the 
coking characteristics and the clinkering tendencies wer 
the most important in determining the satisfactory pet 
fermance of a coal. 

The coking characteristics are of utmost importance 
because, although practically all coals form more or less 
coherent masses of coke that make a ragged-appearing, 
non-uniform fuel bed, if the coking is too strong certain 
difficulties may result. 
rate of burning and slow response to demands for heat 


The principal difficulty is a low 


with, in extreme cases, loss of ignition and extinction of 
the fire. The maintenance of a low excess of air has been 
found favorable toward the decrease of difficulties with 
coke this but 
because it favors the maintenance of a strong burning 
zone and maintains ignition. 

The usual method of removal of ash from small stoke 
fired installations is as a clinker. 


formations, not because reduces them 


The ash must fuse. 
therefore, at the temperatures reached in the fuel bed 
f the stoker but must not 
lown into the retort. Barnes’: *® has shown that tem 
peratures of 2400 to 2800 F are reached in the fuel bed 
Witl 


intermittent operation, as in heating installations, thx 


become so fluid as to run 


f typical small stokers in continuous operation 


maximum temperature reached over prolonged periods 
ay be several hundred degrees lower than the maxi 
mum Barnes found. 

Experience has shown that coals whose ash-softening 
temperatures are in the range of 2200 to 2500 F are well 
suited to use on the clinkering type of stoker Cleghorn 
nd Helfinstine’® and Cleghorn'™’ have shown that Towa 
oals whose ash contents are 15 per cent and higher and 
whose ash softening temperatures are 2000 F and lower 
an be the stoker and 


installations using this type of coa! confirm this finding 


used on small many successful 


Coals with ash-softening temperatures as high as 2700 F 
ave also been successfully used but difficulty is to be 
xpected with such coals from failure to make clinker in 
periods of prolonged mild weather. 

The size of the coal furnished for small stokers can 


¢ controlled by the producer and the importance of this 


'The Relation of the Size of Bituminous Coals to Their Performance 
n Smail Underfeed Stokers, by R. A. Sherman, FE. R. Kaiser and H. R 
(Tech. Report No. 1, Part II, Bituminous Coal Research ’ 

The Performance of Several [Types of Bituminous Coals on Sn 
lerteed Stokers, by H. R. Limbacher and R. A. Sherman (Bitumts 

al Research, Inc.. 1938) 

Preparation of Stoker Coal, by R. A. Shermar (Coal Heat, Vol. 34 
\ugust 1988, p. 5-8) 

. Cit. See Note 9 

= Cit. See Note 10 

<8 of lowa Coal im Domestic Stokers, by M. P. Cleghorn and R. | 
elins (Bulletin 134, Jowa Engineering |} rperiment Station 1937 
‘owa Coal as a Domestic Stoker Fuel, by M. P. Cleghorn (Presented 
J Meeting of Fuels Division {SME and Coal Division, 4/MI 


er i938). 
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Special Features of Stokers 
In addition to the essential features small s 
that were described briefly at the beg or ¢ t mam 
a number of special features are used by one or several 
manufacturers. The description and « nae ion 0 
features have been placed after the ciscussio1 the 1 
cess of combustion and of the relation of the characte 
tics of coals to their performance that the purpose at 
ie 3 ial 
‘ R. A. She MI 
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action of these features might be more clearly under- 
stood. 
Automatic Air Controls 


The centrifugal fan that is used on most small stokers 
has the well-known characteristic that for any fixed 
setting of a controlling damper the volume or weight 
of air delivered varies widely as the resistance against 
which the fan works varies. The variations in resistance 
of the fuel bed that occur in the intermittent operation of 
a stoker used for heating will, therefore, result in wide 
changes in the rate of air flow although the rate of feed- 
ing coal may remain constant. Many manufacturers have 
equipped their stokers with dampers that function auto- 
matically to vary the natural characteristics of the fan. 
These dampers may function by static pressure or by 
velocity pressure of the air in the duct to maintain a 
constant flow of air regardless of the resistance of the 
fuel bed or to increase the flow of air as the resistance of 
the bed increases and to decrease the flow as the resis- 
tance decreases. 

Fig. 8 shows the type of control obtained with one air 





the fan and the coal feed; the coal feed motor is a 
matically stopped when the resistance of the bed 

to a predetermined and adjustable value and is st; 
again when the resistance decreases to another \ 
A variation of this method is to use but one motor 

a solenoid-operated clutch between the motor and 
transmission to stop the coal feed. A discussion oj 
operation of this type of device is given in a r 
report. ** 


Fuel-Bed Agitators 


As was discussed earlier in this paper, the c 
characteristics of coal are quite important in the d 
mination of the suitability of the coal for small stol 
To widen the range of choice of coals, manufactw 
have designed agitating devices to break up the cok 
it is formed in the bed and prevent the formation of larg: 
masses that might occasion difficulties. One of thes 
a mechanically operated poker that is inserted into ¢! 
fuel bed from the bottom of the retort at frequent in 
tervals. Another type consists of a short screw extending 


control as reported by Limbacher *° as a result of re- diagonally upward in the retort from the back to 
front. In a report **, results of a series of burning tests 
with one of these devices are given; the report presents 
“a T\ — the disadvantages and advantages of the device and « 
cludes that the principle has merit for coals that 
very strongly coking. 
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\ Bin-Fed Stokers 
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| The screw-feed principle that is used on practically al 

of the small stokers not only permits placing the 

} hopper at a distance from the firing door of the boiler 

| furnace that will allow easy access to the furnace but also 
permits the feeding of coal directly from the bin wh 

| desired. Some manufacturers build into the user's 

| a hopper-type bottom and others use a rotating transfer 
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screw in a flat-bottom bin to bring the coal to the e 
trance to the main feed screw. Several variations in t 

design of equipment are used and coal can even be mad 
to make a right-angle turn in its flow from the bin t 
the heating unit. As with anthracite, the bin-feed prir 
ciple has been well worked out and is successfully used 
in many installations. 
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Fig. 8—Characteristics of an air control 
intended to maintain a uniform air deliv- 
ery as the wind-box pressure varies 





Automatic Ash Removal 
search for Bituminous Coal Research, Inc. This was of 


the type that was designed to maintain a constant flow As previously discussed, the ash remaining from tly 


of air and the flatness of the curves shows that it func- combustion of the coal deposits on the hearth of the 
tioned as designed up to the cut-off pressure of the fan. furnace where it sinters or fuses into a clinker that ca! 
Limbacher’s report showed that four of the five con- readily be removed with a pair of clinker tongs. A! 


though this operation is readily done and is normal! 
not necessary more than once each day, it is a featur 
of operation that prevents the conventional stoker, eve! 
with bin feeding, from being completely automatic. Th: 
Another method of attaining a similar end has been development of a stoker that will remove the ash aut 


trols tested filled their purpose adequaiely. 


Fuel Bed Depth Controls 





adopted by several manufacturers. A manually set damp- _—_ matically and place it in a container in the basement 0 
er is used for the control of the air but the flow is held outside the house has received and is receiving the @ 
substantially constant by control of the rate of feeding tention of a number of manufacturers. Because of th 
coal to maintain a constant resistance in the fuel bed. wide range of clinkering tendencies of the ash of bitun 
One stoker does this by the use of separate motors for inous coals, the attainment of a design that will be sat 
Performance of Automatic Air Controls for Small Underfeed Stokers. "Loc. Cit. See Note 12. 

py H. R. Limbacher. (Heating and Ventilating, Vol. 85, 1938, p. 40-42). ™Loc. Cit. See Note 12. 
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factory for the entire range of coals is more difficult 


an for anthracite which has a much narrower range 


ash-softening temperatures. One manufacturer, a sub 
diary of a coal producing company, has, however, had 
the market for a number of years a stoker that in- 
ludes the principles of bin feeding and automatic ash 
removal. In the distribution of this stoker, it is restricted 
the use of coal specified by the manufacturer; this 
method has simplified the problem of obtaining satisfac- 
tory performance. 


Controls for Stokers 


Controlling devices that will govern the operation of 
the stoker to maintain a fuel bed in condition to respond 
to a demand for heat, transmit the demand for heat to 
the stoker, and prevent overruns of temperature are es 
sential accessories to a stoker-fired heating plant. The 
normal controls furnished are (1) a thermostat in the 
living quarters to start the stoker directly or through a 
relay as the room requires heat or to stop it when the 
requirements are satisfied, (2) a device to operate the 
stoker at such intervals as required to maintain a fuel 
bed when heat is not required, and (3) a limiting device 
to prevent rates of heat liberation greater than can be 
transferred to the space to be heated. 

Thermostats operating from room temperatures are 
the usual type for this service as used on hand-fired 
furnaces and oil and gas burners and require no com 
ment. They include the heat anticipating and accelerat 
ing types. 

The most frequently used device to maintain a fire 1s 
a time switch that operates the stoker for a few minutes 
at half-hourly or hourly intervals. This is not wholly 
satisfactory as coals vary in the length of operating 
period required to maintain a suitable fuel bed and even 
with one coal the length of the period varies from time 
to time. Combinations of time switches to turn the stoker 
on with a stack switch to turn it off when some set 
temperature has been reached have been used. These 
have not been completely satisfactory because the ther 
mostatic elements do not retain their calibration when 
overheated or heated for long periods at high tempera 
tures. Modifications that include a stack thermostat that 
turns off the stoker when a certain temperature rise 
rather than a certain temperature has been attained have 
been proved to have merit and a thermostat mounted in 
the door of the firebox to respond to furnace tempera 
ture has also been found suitable. 

Limiting devices to prevent overruns of temperature 
that will damage the furnace or boiler or overheat the 
space are essential on stokers as on other types of firing 
equipment, The fact that a large mass of incandescent 
tuel may be left in the bed at the time the room thermo- 
stat is satisfied is conducive to overruns as this bed con- 
tinues to radiate to the heat-absorbing surfaces of the 
combustion space. Stack or firing-door thermostats, 
aquastats, pressurestats, and bonnet thermostats all have 
been used as limiting devices for this service. 


Thermal Efficiencies 


The thermal efficiency of a stoker-boiler or stoker- 


Hearing, Princ anno Am Conprriontne, June, 1939 





furnace combination is of less importance to the hom 


owner than the degree of attention-free and trouble-free 
operation, but any calculations of cost of heating for any 
comparative purposes will depend on this factor whic! 
is of interest particularly to the heating and ventilating 


No general statements of the efficiency to be 


engineer. 
expected are of great value as the overall efficiency is as 
much a function of the boiler or furnace as it is of the 
stoker. 

The values of 65 per cent for stokers burning less 
than 100 Ib of coal per hour and 70 per cent for thos 
Vanufa 

] 


Yancey * reported 


larger that have been suggested by the Stoker 
turers Association have been cited 
overall efficiencies of a hot-water boiler fired with an 
overfeed stoker of 64 to 77 per cent for both continuous 
and intermittent operation when burning weakly coking 
coals suitable to the type ot stoker. Cle ghorn** obtained 
efficiencies of 50 to 67 per cent with an underfeed stoket 
and a steam boiler; variations were caused by the type 
and rate of operation and the type of coal. Sherman 
and Cross *° give the results of field tests conducted on 
underteed stokers in a hot-water and a steam boiler and 
a warm-air furnace with the conclusion that a normally 
expected efficiency for the average conversion installa 
tion with average adjustment may be 55 per cent 

The factors that will govern the efficiency that will 
be obtained are the excess air maintained and the effe: 
tiveness of heat absorption in the heat-transfer surfaces 
of the heating equipment. If the heat-absorbing surfaces 
are not ample for the rates of heat liberation used, th 
stack temperatures will be high and the efficiency low 
even if a low excess air is maintained. On the othe 
hand, adjustment of the air supply to excessive values 
will result in low efficiencies. The loss due to combust 
ible in ash is practically nil with the clinkering type oi 
stoker and losses due to unburned gaseous combustibk 
in the flue gases should also be negligibk With prop 
erly coordinated heat - absorbing surfaces and rates of 
heat liberation and with an excess of air during operat 
ing periods of 50 to 60 per cent, corresponding to 10 to 
11 per cent CO., efficiencies of 65 to 70 per cent should 


be obtained, 


Future Stoker Market 


Of heating plants of every type above the residential 
size, it may be safely said that they may be included 
in the prospective stoker market where coal is availabl 
at prices competitive with other fuels. This is true be 
cause the possible savings due to the use of coal on a 
stoker over hand firing or over oil or gas in fuel alone 


firing 


or fuel plus labor will pay for the cost of the g 
equipment, 

O#f residential heating plants, however, this is not tru 
because the smaller the heating plant the more difficult 
it becomes to show a saving great enough to pay for the 
stoker. The cost of the stoker does not decrease at the 
same rate as the amount of fuel saved decreases. For 


‘xample, assuming that the efficiency obtained with 


~ 





loc. Cit. See Note | 

“Loc. Cit. See Note 17. 

“Efficiencies and Costs of Various Fuels in Domestic Heating. by R. A 
Sherman and R. C. Cross (Tech. Report N . Bituminous ai | 
search, inc., 1936). 
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Table 2—Distribution of Heating Methods in 1- and 2-Family 
Urban Homes of the United States, at Close of 1936 


HEATING MeTHop NUMBER Per Cent 

Stove heated 6,547,658 5 
Hand-fired coal furnace 5,926,263 410 
Automatically-fired 

Onl 1,349,401 9 

Gas 639 536 7 

Stoker 219,403 2 
Total 14,682,261 | 100 


hand-fired bituminous coal is 45 per cent and that with 
a stoker 1s 60 per cent, a saving of 25 per cent of the 
fuel should be possible. Actually, on the small plant, 
the amount of coal used may not decrease because due 
to the greater ease of obtaining heat more heat will be 
used. If, however, the saving of 25 per cent is assumed, 
this will amount on a house using 8 tons of coal at $8 
per ton to $16 per year. The stoker may be assumed to 
cost $250 installed; with fixed charges of 15 per cent, 
the annual charge is $37.50. The net cost to the owner 
for the convenience and comfort of the stoker is $21.50 
per year. 

Although this premium for improved heating is less, 
itt most localities, than for other fuels, it shows that the 
market for stokers is governed by the ability of the cus- 
tomer to buy. The percentage of the potential customers 
sold will depend on the merchandising ability of the in- 
dustry. 

No complete analysis of the potential market will be 
attempted’ in this paper because a survey for the entire 
country should be a summation of analyses for each city 
rather than from average figures for the entire United 
States. The data for individual cities were not available. 
Some conception -of the possible market can, however, 
be gained from the data for the entire nation, 

Data given in Table 2 show distribution of heating 
methods in 1- and 2-family urban homes of the United 
states. 

On the basis of ability to buy, it is seen that of the 
present homes those heated by stoves can be dismissed as 
prospects. The entire remainder cannot be considered 
as prospects as this will depend on their income. Mean 
values of family incomes from the Brookings Institute 
1929 survey and from the Federal Income Tax Returns 
of 1933 as accepted by the American Gas Association *° 
in a survey on the economics of gas househeating showed 
that 25 per cent of the families had incomes greater than 
$2200 annually. 

lf it is assumed that families with incomes of $2200 or 
more can afford to pay the $21.50 annual premium for 
stoker-fired, héating, then 25 per cent of the homes may 
he included in the potential stoker market. This amounts 
to 3,670,565 prospects. If this lower limit of income is 
correct, then all above can be considered as prospects on 
the basis of income for, as previously pointed out, the 
premium for stoker heating decreases as the size of the 
house and amount of fuel used increase. The potential 
market for competitive fuels is more limited than that for 
stokers because, in most districts, a premium for the oil 
or gas must be paid over hand-fired coal in addition to 
the fixed charges on the equipment. 


“A Study of the Economics of Gas Househeating, by A. M. Beebee 
Air Conditioning Committee, America 


(Report of the Househeatine ar 
Gas Association, April, 1936) 
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Section 


rom the total potential market must be ded 
those already supplied with automatic heating lea 
a balance of 1,462,225. This figure must also be adju 
by deduction of those homes that are in the far west 
southwest where coal is not a competitive fuel an 
an addition on the logical assumption that many of 
installations now using oil and gas are prospects 
stokers. No attempt has been made to make t) os 
adjustments. 

The figures given inciude all 1- and 2-family hy 
whether owner-occupied or rented. Rented homes 
prospects for stokers as well as owner-occupied ly 
although the sales effort required is undoubtedly gr. 


This brief discussion of the market for stokers es 


not give any conclusive figures but it does show 
method that should be used in each district to dete: 
the sales possibilities. It indicates that the market 
conversion installations in present homes is not limi 
and may reach saturation within a relatively few y 
Stokers at lower cost will extend the range of inc 
that may be included in the market and more sto! 
that are fully automatic will increase their sale in 
market that demands this type of operation. 

The ultimate market for stokers has not been rea 
for new homes. Those new homes in which boilers 


furnaces specifically designed for oil or gas are instal! 


_are quite definitely removed from the stoker mark 


Hlowever, a more conventional boiler or furnace 
with a stoker offers the owner the advantage that 
conversion to other fuels is possible for the cost of 
burner if circumstances should warrant the change 


Summary 


This paper has not attempted to cover fully the 
formation that a heating and ventilating engineer s! 
have on the subject of small stokers designed for burt 
bituminous coal. It has rather attempted to point 
the highlights and include references to recent literatu 
that will give those who require it the complete ntort 
tion required to msure satisfactory installations of 


economical method of heating. 





Pian Standardization of Coal Stokers 


The American Standards Association has been asked by 


sumers’ Counsel of the National Bituminous Coal Comn 
to develop standards fer coal stokers. The Advisory | 
mittee on Ultimate Consumer Goods by the National Cons 
Retailer Council at its April 19 meeting proposed that this | 
should more properly be considered by the Mechanical »t 
Committee, and accordingly referred the proposed project 
MSC. 

In transmitting its suggestion the Consumers’ Counsel 
National Bituminous Coal Commission also remarked, 
agency established to safeguard the interests of consun 
the federal regulation of the bituminous coal industry 
interested in this subject. Consumers of coal should b 
undoubtedly are, concerned not only with the price they 
coal but also with burning equipment which will give the 
cient heating results. On this score, you may be famili 
the enclosed Uniform Stoker Rating pamphlet, issued 


Stoker Manufacturers Association.” 
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On to 


CONCENTRATED program of business and pleasure 1M 
that will appeal to every Society member has been an _ 
nounced by the Committee on Arrangements for the . - 
Semi-Annual Meeting at The Grand Hotel, Mackinac Island - 
Mich., July 4-6 M 
Final plans were completed at a committee meeting May 13 6 Mort al 
vhen members of the host chapters approved the program and Consult mot 
received reports from other local chapters which indicated un lowest rates os 
sual interest in and enthusiasm for the Mackinac meeting with Ror the 
the prospect of a record attendamn will be greeters 
[he program has been carefully planned for a two day bus and July 1 at 
ess session, July 5 and 6, with three technical meetings and at and in ¢ 1 
east nine papers. July 4 will see the Council in session and local chante 
some special committee meetings, but for others present the day a 
is heen set aside largely for a sports program that will appeal Yor Buffal 
members, ladies and children troit i] 
Routes to Mackinac are varied and there are round-trip sun ( to Macl 
ner excursion fares for those traveling by train, combination CR Mel ; 
iil and boat fares, and fine roads for motorists pp ; : 
The trip to Mackinac need not be expensive because there art W) ( Boales 
so many combinations of routes that can be chosen The time All events o1 
required can be adjusted to suit the business man or the member Gras Rat 
vho desires a few days vacation with his family. Select a fast lon und A 
hedule or a leisurely one Detroit. a 
Here are some typical examples Phe mnitee 
Motor tra to Butta } t direct to Ma t Grand R; S 
< f Det t and Mackinaw Cit I Bos Ne McLouth. Lans 
eee nner Sessions, W. W 
Motor r tra t Cilev r rect boat Ma I . 
shburgl Cincit t and < rs fr southeast Pesterfield, East 
lrain direct t Mackinaw ( \ eturt y boat t Det ( fuel, 3 Gi. Mille 
eland, Buffal r boat fro uN { these cities goit , 7 Kalamazo 
z irect y trai For easterr southern or westet ‘ ers p> ss | 1) 


F. J. Feely 


Heavts:.. Prine 


AND Atm Conpt 


Hosts at Mackinac 


W. C. Randall 0. D. Marshall 
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R. McConner, Kala- train accommodations for an enjoyable trip to Mackinac 


F. C. Warren, Grand Rapids; Finance, C. 
Headquarters for the meeting are at The Grand Hot 


mazoo. 

These members are your hosts and they await your arrival 
at Mackinac with pleasure and have a keen interest in making 
Mackinac offers much of his- plan rates from $2.00 to $4.00 per day single, and $3.00 1 
double Windsor, Windermere, lroquois, La 


special American plan and European rates are availal)| 
addition, there are the following nearby hotels with | 


i 
' 
| your stay on the island enjoyable. 
toric interest as well as the opportunity to meet members from per day 
and Cloghaun. 
\ detailed program of events is shown and plans sl 
made to join your friends and fellow members at M 


all parts of the country and to hear speakers and discussions 
on subjects of vital importance in the field of heating, ventilating 
and air conditioning. 


It is advisable to make reservations early for hotel, boat and July 4, 5 and 6. 


: Program—Semi-Annual Meeting 1939 
The Grand Hotel, Mackinac Island, Mich.—July 4-6, 1939 


1:30 p.m. TECHNICAL SESSION 


July 4 
Report of Finance Committee, by A. J. ( 


8:30 a.m. Registration 
9:30 am. Golf Tournament (Greens Fee $2 per day), Hotel 
Course and Country Club Course 


Report of Membership Committee, hy FE. kK 
bell, Chairman 

Ozone in Ventilation, by W. N. Witheri 
C. P. Yaglou 

Effect of Size and Type of Air Inlet a 
let on the Heat Output of Convectors 


10:00 a.m. Council Meeting 
10:30 a.m. Children’s Sports Program 
30 am. Bicycle Party (35c per hour charged for bicycle 


— 


rental ) 
1:00 p.m. Fishing Party Kratz, M. K. Fahnestock and FE. L. B: 
1:30 p.m. Golf Tournament—No charge for transportation \ Theory Covering the Transfer 


Through Materials, by F. B. Rowley 


between Hotel Course and Country Club Cours 
Fire Protection for Air Conditioning S 


for tournament players 
by R. C. Loughead 


2:15 p.m. Boat Ride (50c per person—steamer leave 
Dock ) 


5c ) 4:30 pm. Tea Dance and Concert in Tea Garder 


2:00 p.m. Soft Ball Game 

00 p.m. Meeting—Committee on Research 

00 p.m. Children’s Hiking Party 

3:30 pm. Water Sports at Pool (fee for bathers, 7 

6:00 p.m. Social Hour (Dutch Treat Club, $1.00 per person 7:00 p.m. Semi 
Blue Room) 

7:30 p.m. Meeting—Guide Publication Committee 

$:30 p.m. Keno or Movies Report of Committee on Research 


Annual Banquet and Dance 
July 6 


9:00 a.m. TECHNICAL SESSION 


10:00 p.m. Dance and Floor Show (Casino) Fleisher, Chairman 
Summer Cooling Requirements in Differe: 


July 5 


PS politan Districts with Special Ref 
9:00 a.m. TECHNICAL SESSION Washington, by F. C. Houghten, F. FE. + 


Call to order and Carl Gutberlet 





Greetings Study of Summer Cooling in the Res« 
Response by Pres. J. F. McIntire dence for the Summer of 1938, by A. P 
Review ot Society activities by President S. Konzo, M. K. Fahnestock and F. L. | 
McIntire Performance of Cooling Towers, by B. M 
Heating Low-Cost Homes, by L. E. Seeley and and L. M. K. Boelter 
R. K. Thulman Unfinished Business 
The Effect of Vibration Upon Free Convection, New Business 
by R. C. Martinelli and L. M. K. Boelter Resolutions 
Evaluating Performance of Water Heaters Fired Adjournment 
with Solid Fuels, by H. J. Rose and R. C 10:30 a.m. Hiking Party to Fort Mackinac and Visit . 
Johnson Museum 
10:00 a.m. Children’s Sports 1:30 p.m. Informal Golf Matches 
11:00 a.m. Carriage Ride Around the Island ($1.50 per 1:30 p.m. Ladies Bridge 
person ) 2:00 p.m. Horseback Riding ($1.50 per hour) 
12:00 noon Meeting—Nominating Committee fjoardwalk Stroll and Ladies Shopping 





Method of Choosing Location of, Financing and Conducting Meetings of the Society 
Resolved: That inasmuch as the Annual and Semi-Annual Meetings of the Society come under the jurisdiction of t! F 


Council, the following rules governing the handling of such meetings be adopted by the Council and published -in +t! 
JouRNAL of the Society at least twice during every year, preferably just prior to each meeting. 

1—The Council will select the city in which the Annual or Semi-Annual Meeting is to be held, giving due consideration to the im 
tions received from Chapters or members as well as to the advisability of so distributing those meetings as to make them of the great 
advantage to the general membership, and to reduce as far as possible the expense of members attending 

2—That an appropriation be made to cover the entertainment or local expenses, incurred in connection with the meeting not exce 
$500.00, the regular meeting expense to be taken care of by the General Fund of the Society in the regular way 

2—That no registration fee or compulsory obligations of any nature be imposed on members or guests 

4—-That the purchase of tickets for banquets or for any other form of entertainment that may be provided be entirely voluntary 

5—That the grouping of features and the sale of tickets for group teatures be discouraged 

6—That the raising of funds from manufacturers of heating apparatus be discouraged. 

7—That the display of samples, or of literature, advertising the product of any manufacturer in any way, shape or form, be not 
mitted at the booths, registration desk, or in or about the meetings. 

8—That the distribution of trade papers be entirely at the discreton of the committee in charge. 

9—That the local Chapter or local members, be empowered to form a General Committee with such sub-committees as may 
to handle the details of transportation, hotel accommodations, entertainment, finance, etc., and that this General Committee be reques 
to confer frequently with the Council, through the Secretary of the Society, and to make frequent reports on progress in connection © : 
the various matters being handled by them. 

10—That the arrangements of elaborate and costly entertainment features be discouraged 

Adopted at Council Meeting, January 29, 1926 


be re qui 


nt. 2°. 
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Mackin-aw or Mackin-ack? 


A Grand Meeting Place 


By Jennette McColl 


Although it is only on clear days, with 
the wind in the right direction, that we 
are sure of spelling “thermodynamics” 
correctly, nevertheless, that little moth 
hole in our education doesn't prevent us 
from feeling like a charter member of 


the ASHVE. We have lived, breathed 


and talked the Society for so many years 





and even attended several of its meet 
Miss MeColl ings 

Now, we 

rthward to Mackinac Island for a gala Fourth of July (July 4, 


hear, you all will journey 





; and 6) on that historic ground. There will be the usual busy 
technical discussions in the mornings, the scurryings about for 
Jf games, fishing trips and hikes through the woods in the 
; , prolonged evening arguments as to whether 
t is pronounced Mackin-aw or Mackin-ack. (We heard one 
shausted soul say, “All right, all right, | get it. The island ts 
alled Mackin-aw but they won't let me drive my Cadill-aw 


fternoon and the 


it. ) 
The meeting promises to be doubly interesting because |. | 
will have the fun of presiding 


Me an 


vhile. the several chapters which hover on the edge of the 


McIntire, president of the Society, 
ver the sessions right in his own back yard, as it were. 


Great Lakes are coOperating with the host chapters, Michigan 
d Western Michigan, to show the visitors from the north, 
ist. west and south what gorgeous scenery, interesting history 
nd even more interesting people may be found in this Great 
Lakes region. 

The Grand Hotel will he the 


hich is titled the Great Lakes Summer 


headquarters for the meeting, 
Meeting Those two 
locks of pillared veranda overlooking the Straits of Mackinac 
re going to lure Society members out into the sunshine the 
minute the technical sessions adjourn. So is the gleaming white 
rt up on the bluff. 

So many diversions are right there for the asking that the 
roblem will be a matter of selection, In an island world of 
ur own, two and one-half miles long and two and one-half 
niles wide, there is the nine mile hike around it, for instance, 
r the deep lake trout fishing, boating of every description, 
swimming, two nine-hole golf courses to conquer, carriages and 
rseback rides through woodsy lanes (you'll have to leave 
ur car over on the mainland). 

The Committee on Arrangements is providing a summer meet- 
ng which will be the chief topic of conversation all next win 
r, we guarantee. 


Oh boy, I hope I can go. 
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Panel Heating Development 


Described at Montreal Meeting 


Varch 2 34 \ Montreal Chapter meeting i i 
the VAAA with as attendance of 29 members and gucst 
were called to order by Pres. | }. Friedman at 8:00 p. 1 \ 
velcome to the guests was extended on hb ili of the ¢ ipter | 


President Friedman 
The Pucst speaker ot the evenme, | | 
N. ¥ . Was introduced and addressed the Cl ipter on the subye 


of The Development of Panel Heating in America. Mr. Muni 


discussed radiant heating versus convection heating. giving rel 
tive costs of installation and operation of these systen lhe tal 
was illustrated with a film showing fabrication of coils and instal 


lation of panel heating 
\iter Mr 
mecting adjourned at 10:15 p. 1 according to the eport 


Secy. C. W. Johnson 


Munier’s talk, an open discussion was held until the 


Residential Air Conditioning Subject 


of Joint Meeting at Buffalo 


Ipril 1 FS \ joint meeting of the Buffalo Air Conditior 
ing Council and the Western New York Chapt A\SHVE wa 
held, both organizations being guests of the Iroquois Gas Corp 
rhe minutes of the previous meeting were read and 

Pres ] ] 


in conjunction with a similar committee from the Air Conditior 


approved 


Landers appointed the following committee to work 


ing Council to formulate the heating and ventilating section of 
the new Municipal Building Code: W. R. Heath, H. C. Day. 
W. S. Eisele, M. C. Beman and H. C. Schafer 

Nominations for Chapter officers for the year 1939-40 as pre 
pared by the Board of Governors were adopted without any addi 
tional nominations being offered 

President Landers appointed the following Auditing Commit 
tee to report at the May meeting: B. C. Candee, W. | \ oisinet 
and P. S. Hedley. 

( W. Farrar described in detail plans for the Society's Semi 
Annual Meeting at Mackinac Island, July 4-6 

The meeting was then turned over to the Air Conditioning 
Council and at the conclusion of their business session, President 
Landers introduced the speaker of the evening, Miss Margaret 
Ingels, technical adviser to the advertising department < 
Syracuse, N. Y 


Residential Air Conditioning, and explained 


t Car 
Miss Ingels chose as her subject 


rier Corp., 
various systems 
available for both summer and winter air conditioning of homes 
The talk was well received by the members who had mam 
questions for Miss Ingels, and a large number of the group joined 
in the discussion of domestic air conditioning, according to th 
report of Secretary Heath. 
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North Carolina Chapter Holds Organization 
Meeting and Elects Officers 


April 21, 1939. The organization meeting of the North Caro- 
lina Chapter of the ASHVE took place at the King Cotton 
Hotel, Greensboro, N. C., at 4:00 p. m. and was called to order 
by the temporary chairman, Prof. R. B. Rice, who had been 
elected to serve in this capacity at a previous meeting held in 
Burlington on December 2, 1938. At this time Professor Rice 
announced that among those present were J. H. Walker, Detroit, 
member of the ASHVE Council and vice-chairman of the Com- 
mittee on Research, and A. V. Hutchinson, New York, secretary 
of the Society. 

Arrangements for the meeting were in charge of Messrs. Hard- 
ing, Reed and Petty. Among those present were the following 
members: R. B. Rice, E. R. Harding, T. C. Cooke, H. H. Hill, 
Arvin Page, W. E. Gray, L. L. Vaughan, C. C. Cornwall, J. G. 
Muirheid, C. E. Petty, H. L. McDowell, William Wallace, II, 
Harry Hoffman, James Marshall, F. E. P. Klages, G. C. Burr 
and F. H. Oertel. Some of the guests attending were P. L. 
Guest, Jr.. W. H. Sullivan, Sr.. Mr. Page, Robert Kerman, 
R. U. Sish, W. B. Truitt and Wallace Truitt. 

Chairman Rice gave a report of the Chapter activities with 
which he had been occupied during the past few months, most 
of which had been directed towards the present meeting, and 
coordination of the work of the various temporary committees 
which had been appointed. 

T. C. Cooke, temporary secretary, told of the work which 
had been accomplished since the first meeting, which consisted 
chiefly of corresponding with newly elected members of the Soci- 
ety and inviting them to affiliate with the Chapter, as well as 
keeping members posted on activities. It was noted that several 
of these new members had responded and were present. 

Professor Rice then presented to the group messages of con- 
gratulations from officers of the ASHVE, as well as officers of 
other Chapters throughout the United States and Canada. Mes- 
sages were received from the following and read to the meeting: 
Pres. J. F. McIntire, First Vice-Pres. F. E. Giesecke, Second 
Vice-Pres. W. L. Fleisher, Treas. M. F. Blankin, Past Pres. 
E. Holt Gurney, J. R. Vernon, Illinois, H. M. Hendrickson, 
Southern California, F. J. Friedman, Montreal, C. L. Templin, 
\tlanta, E. W. Gray, Oklahoma, H. H. Erickson, Philadelphia, 
H. G. Meinke, New York, R. D. Morse, Pacific Northwest, 
J. J. Landers, Western New York, C. R. McConner, Western 
Michigan, William Worton, Manitoba, S. P. Eagleton, Wash- 
ington, D. C., the Golden Gate Chapter, E. O. Eastwood, mem- 
ber of the Council, and W. E. McDowell, president of the 
North Carolina Engineering Council. On motion of Mr. Wallace, 
seconded by Mr. Petty, it was voted that these messages should 
be acknowledged by the Secretary. 

The Membership Committee reported that since the December 
meeting seven new members had been secured in the State, which 
was gratifying news. This announcement was made by Mr. 
Harding, who acted as chairman of the Membership Committee 
with all other members assisting. 

\ report of the By-Laws committee was called for and By-Laws 


and Rules were presented to the chairman for reading to the 
ter by Mr. Harding. Mr. Wallace made a motion, secon 
Professor Vaughan, that these Rules and By-Laws for ( 
operation be accepted as read. This motion was voted up 
unanimously carried. The By-Laws Committee previous! 
pointed consisted of Professor Vaughan, Mr. Wallac: 
Harding, and F. F. Bahnson. 

It was brought out by Mr. Wallace that the Chairman 
appoint a Nominating Committee consisting of the two 
chair officers, augmented by three additional men. Pr 
Rice appointed Professor Vaughan, and Messrs. Hardi: 
Petty to complete the Nominating Committee. 

Upon completion of these appointments, the assembled 
ing was recessed and the Nominating Committee went int 
sion in order to select nominees for Chapter officers. 

When the meeting was again called to order, Pr 
Vaughan, who had acted as chairman of the Nominating 
mittee, presented the following proposed nominees: 

President—R. B. Rice 

Vice-President—E. R. Harding 


Secretary-T reasurer—T,. C. Cooke 


Board of Governors—H. H. Hill, Arvin Page, W. E. Gray 
A motion was made by Professor Vaughan, and seco: 
Mr. Burr that the nominations be closed. This motion wa 
ried unanimously and the officers were duly elected 
ensuing year. 

Announcement was made by President Rice that the | 
had been asked to affiliate with the North Carolina Engi 
Council, and Professor Vaughan, who has been actively 
fied with the Council for many years, gave a very inte! 
talk on its work. 

Secretary Hutchinson was introduced by President R 
told North Carolina members of plans for the Society's 
Annual Meeting at Mackinac Island, Mich., July 4-6. A 
vote of thanks was given to Mr. Hutchinson for his assista: 
in the organization of the Chapter as well as his attenda: 
at meetings. 

It was mentioned that inasmuch as the North Carolina S 
of Engineers was holding a meeting at Wrightsville Beac! 
the weekend of July 15, it might be well for the Chapter’s : 
quarterly meeting to be held there at that time. The 
on this matter was to be announced at a later date. 

The session then recessed until re-assembly at dinner. 

Immediately following dinner, President Rice advised 
there was still the matter concerning the North Carolina 
neering Council to be decided, and a motion was made, s 
and carried that the Chapter affiliate with the State Cow 
was moved by Professor Vaughan that the Chapter elect 
sentatives as follows: Representatives—R. B. Rice 
term), T. C. Cooke (two year term); Alternates—H. H 
(one year term), Arvin Page (two year term). This 
was seconded and carried unanimously and the Secreta! 
advised to send the necessary fee to the North Carolina Eng 
neering Council with a letter certifying the representative 

On behalf of the ASHVE and the members of the (¢ 
Secretary Hutchinson presented to the North Carolina ( 


NORTH CAROLINA CHAPTER OFFICERS 





H. H. Hill W. E. Gray R. B. Rice 
Board of Governors Board of Governors President 
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their charter, which had been granted by the Council, and which 
was received by President Rice. 

With an appropriate introduction, Professor Vaughan pre- 
sented J. H. Walker, engineering assistant to the general mana- 
ger, Detroit Edison Co., who was the speaker of the evening 
and gave an illustrated lecture on Air Conditioning a Glass 
Brick Building. This talk was based on the construction and air 
conditioning of the new office building of Detroit Edison Co. 
Of particular interest was the section devoted to air distribu- 
tion, the maintenance of definite static pressures at given points 
in the system, and the intricate mixing dampers provided for 
control of room temperatures. Another noteworthy feature was 
the fact discussed by Mr. Walker that the parts of the building 
which were not glass were made of a brick which was largely 
composed of fly-ash from the pulverized fuel plants. 

At the conclusion of the talk, several members questioned Mr. 
Walker concerning the system and construction of the building 
and a lively discussion lasted for approximately 30 min. 

Mr. Walker was given a rising vote of thanks and the meet- 
ing was adjourned until the July meeting. 


Western Michigan Chapter Discusses 
Proposed Ordinance 


April 24, 1030. A meeting of Western Michigan Chapter was 
held at the Browning Hotel, Grand Rapids, and dinner was 
served at 6:45 p. m. to 18 members and 14 guests. 

Pres. C. R. McConner called the meeting to order and after roll 
call by Secy. W. G. Schlichting, minutes of the February and 
March meetings were read and approved. 

The Nominating Committee, consisting of W. W. Bradfield, 
0. D. Marshall and L. G. Miller, presented the following names 
for officers for the 1939-1940 season: 

President—B. F. McLouth 

Vice-President—T. D. Stafford 

Secretary—C. H. Pesterfield 

Treasurer—C. H. Morton 

Board of Governors—( 


Warren. 


R. MecConner, W. G. Schlichting and F. ¢ 


President McConner asked for additional nominations from the 
floor, and, when there was no response, the nominations were 
closed. 

By vote of the members present, the sum of $70.00 was appro- 
priated toward expenses for the annual meeting in May and the 
summer meeting at Mackinac. 

The remainder of the meeting was given over to a discussion of 
the suggested ordinance prepared by the National Board of Fire 
Underwriters. Members of the Chapter’s Heating and Ventilat- 
ing Code Committee and R. E. Seeger, city engineer, reviewed 
the subject and the following suggestions and revisions to the 
proposed ordinance were made. 

1. Classification of installations should not be made on a cfm basis, 
but rather for the occupation or usage of the space to be treated. 

2. An appendix should be included in the ordinance, defining all terms 
Le, fre doors, fire dampers, fire exposure, etc.) and giving specifications 
as to minimum construction requirements. Terms should be in agreement 
with accepted standards as set forth in Tue Guipe of the ASHVE. 

3. Section 4C should be clarified to cover the possible case where a ver 
tieal duct changes to a horizontal run. 

Mr. Rockafield of Kalamazoo, a representative of the Michigan 
Roofing and Sheet Metal Contractors, discussed the pending 
Michigan State Bill and suggested that members interested at- 
tend the meeting scheduled for April 26. 

The meeting adjourned at 10:45 p. m., according to the report 
of Secretary Schlichting. 

March 29, 1030. Western Michigan Chapter met at Michigan 
State College, East Lansing, Mich., at a joint meeting with the 
Michigan Chapter of the Society, and also in conjunction with 
the Eighth Annual Forced Warm Air Conference. Dinner was 
served at 6:45 p. m. in the Union Building to approximately 225 
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and among this number were 20 members of Western Michigar 

Chapter. 
Pres. C 

W. G. Schlichting, all regular business was dispensed with until 


R. McConner presided and after roll call by Se 


the April meeting. 

B. F. McLouth served as toastmaster and introduced | | 
Linsenmeyer, president, and G. H. Tuttle, secretary, of Michigan 
Chapter, who responded briefly. Others who 
talks included Dean H. B. Dirks, Prof. L. G. Miller, Prof. S 
Konzo, F. R. Bishop, E 


Sgt. Ray Sullivan of Michigan State Police gave an interest 


gave short informal 
B. Root and Professor Ruehling 


ing sharp shooting exhibition and discussed the several weapor 
used by that organization 

Prof. L. G. Hayes of the Dairy Dept., 
presented a comedy sketch 

C. A. Paquin, chief of Division of Education and Public Rela 


Michigan State ¢ 


tions for the State of Michigan, gave an illustrated addre 
entitled Scenic Michigan 
W. G. Boales, Detroit, spoke brieflv of plans ior tl 


Great Lakes Summer Meeting, after which the meeti: 





journed at 11:00 p. m 


Oregon Members Hosts 
To Pres. Melntire 


ASHVE members in Portland, Oregon, and vicinity are e 


thusiastic about their recent meeting with Pres. J. F. MecIntir« 

who visited them while on a western trip to Society Chapter 
At a dinner held in honor of Mr. McIntire in the Castiliar 

Room of the Heathman Hotel, Portland, on April 27, alm 

} 


all Society members and those who have applied for member 


ship from this area were present. Mr. McIntire gave an ad 





dress on The Birth of Air Conditioning and Its Future, which 
was of interest to the group. In addition, he outlined some of 
the activities of the Society, the features of cooperation be 
tween the national organization and local Chapters, and ar 
swered many questions in regard to the procedure for peti 
tioning for a charter. 

B. W. Farnes was master of ceremonies and other speaker 
were Fred DeTemple, of the Heating, Piping and Air Conditior 
ing Contractors Association, and J. D. Kroeker, consulting en 
gineer. Arrangements for the meeting were in charge of H 
K. Mead and Mr. Kroeker. 


Atlanta Chapter Hears 
About Financing of Building 


April 4, 1939. The regular meeting of Atlanta Chapter wa 
called to order by Pres. C. L. Templin at 8:00 p. m. at the 
Biltmore Hotel. Roll call recorded 18 members and nine visitors 
present. The minutes of the previous meeting were read and 
approved, following which reports of officers and committees 
were in order. 

The treasurer announced that receipts and disbursements were 
brought up to date and he was asked to issue new membership 
cards immediately. 

An interesting outline was given by Vice-Pres. S. W. Boyd 
of the arrangements for the Society’s Semi-Annual Meeting at 
Mackinac Island, July 4-6. 

On motion duly made by C. T. Baker, seconded by Mr. Boyd, 
the proposed amendments to the By-Laws were unanimously 
approved. 

The application of a new member was reported by the Mem 
bership Committee. 

The Entertainment Committee pointed out that they were hav 
ing some difficulty in obtaining speakers. They suggested a joint 
meeting with the AJEE for an important selective speaker at a 
special meeting. Upon motion duly made and seconded it was 
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decided to hold the joint meeting, but the matter of the Atlanta 
Cuaapter supplying a speaker was referred to the Entertainment 
Committee for handling and a report at the next Chapter meet- 
ing. 

The Chair was asked to assign various parts of this report for 
committee investigation and those so designated were instructed 
to investigate and bring their findings to the next meeting. 

One of the Society’s Life Members, J. A. Donnelly, Largent, 
W. Va., was in attendance and spoke briefly on the work which 
he had been doing and invited all present to the Atlas of Agricul- 
ture in the mountains of West Virginia. 

R. L. Sweigert of the ASME outlined a plan adopted at a 
recent joint meeting of the local chapters of the ASME, ASCE, 
ASEE and ASHVE for student help in the selection of a pro- 
fessional education. An advisory board has been organized to 
consult with high school seniors and their parents on any ques- 
tions which may come up or on information which may be de- 
sired on a professional education and career. 

An interesting and instructive talk on Financing the Small 
Job was given by Dudley Stone, of the Morris Plan Bank, who 
described present plans of banks to carry on the work originated 
by FHA. He pointed out certain probable changes in the Federal 
Housing Act, should it be extended by Congress. According to 
Mr. Stone, it is the expectation of the financial world that the 
construction industry will continue to receive the benefits of the 
Federal Housing Administration on financing the small job re- 
gardless of changes which may be made in the Act under which 
this authority was created. 

Secy. T. T. Tucker has reported that there being no further 


business, the meeting was adjourned. 


Moves N. Y. Office to Factory 


The New York district office of the General Electric air con- 
ditioning department, serving the North Atlantic territory, has 
been transferred from the General Electric Building, 570 Lexing- 
ton Ave., New York City, to the general offices and works of 
the department at Bloomfield, N. J. The move was made to 
facilitate engineerifg and order service, shipments, and similar 
activities, which can be handled with greater dispatch for this 
territory directly from the factory and general offices. The per- 
sonnel of the office, under V. E. Daniels, district manager, will 
remain the same, as will the telephone connections. 

S. M. Crocker has been named manager of the air conditioning 
department of the General Electric Co., effective at once, accord- 
ing to an announcement by C. E. Wilson, executive vice-president 
of the company. Simultaneously it was announced that the com- 


mercial refrigeration activities of the company, now lo 
Cleveland as part of the appliance and merchandise depa 
have been relinquished by the latter and assigned to 
conditioning department. The reason given for the transf 
that as the businesses of air conditioning and commercial 
eration develop, similarities in both trade practices and 
part applications have become more definitely apparent, 
need for closer coordination of the two lines has resulted 


Appointed Sales Manager 


Nash Engineering Co., South Norwalk, Conn., has a 
the appointment of E. A. Mead as sales manager on 
1939, following 14 years of continuous service with the « 
the past 10 of which have been in the capacity of assista 
manager. Mr. Mead’s training and experience have fi 


for this new extension of his duties and direction of t 


sales organization. 


D. R. Richardson Dies 


David Rait Richardson, retired manufacturer of New 
and Palm Beach, died at his home in Florida on May & 
a heart attack. 

Mr. Richardson was born in Brooklyn, N. Y., on Sept 
27, 1874, and studied at Andover before entering busi: 





\“ 


1898. Retiring from business in December, 1936, he w 
third member of his family to serve as president of 
year old firm of Richardson & Boynton Co., New York, N 
manufacturers of heating and air conditioning equipment 
company was founded in Boston in 1837 and moved t 
York 50 years later. The first two presidents were M: 
ardson’s grandfather and father, H. A. Richardson and 
T. Richardson. 

For many years Rait Richardson was an enthusiastic 
man, racing his own boat in the New York 30's class. | 
a member of Turf and Field, the Manursing Island Clul 
N. Y., and the Long Island Country Club, Eastport, | 
was a member of the New York Yacht Club until he 
to Florida a year ago. He was elected a Member of the 
ICAN Socrety OF HEATING AND VENTILATING ENGINEERS 

With Mr. Richardson at the time of his death was 
the former Stella Van Anden. Surviving also are tw 
H. Thomas Richardson, president and director of the 
David Rait Richardson, Jr., secretary and director, and a 
Mrs. Joseph H. Seaman, all of New York. 
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The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants t 


or 
I 


bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their rm 
ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as order 
by the Couricil. When replies are received from references, the Candidate's application shall be submitted to and acted upon 


Committee on Admission and Advancement as soon as possible. 
When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his g 

the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. LD : ith 54 apy 

cations for membership have been received and the names of these men and their sponsors are published in the following 


Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in_ tur 


r 
i 


During the past month 54 a 
list 


I 


Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising 


Secretary promptly of any whose eligibility for membership is in any way questioned. 
All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which 


duty of every member to promote. 
Unless objection is made by some member by June 15, 


hi 


1939, these candidates will be balloted upon by the Council. 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Apema, G. E., Htg. Contractor, N. M. Adema & Son, Buffalo, 


_ S ¢ 
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Joseph Davis 


REFERENCES 
Pro OsCeTS Seconders 


W. S. Eisele W. R. Heath 


Roswell Farnham 
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CANDIDATES 


YSWORTH, . i . ener.., Roche Newton & Co., Lubbox k, Tex 


ex, E. A., Htg. Contractor, Alben Equipment Co., Var 


couver, Wash. 


wsTRONG, C. | Chief Engr., Armstrong Heat Control C 


Portland, Ore. 


uzy, C. | Instructor, Mech. Engrg., Mississippi State Col 


lege, State College, Miss. 

wacu, C. J., Chief Draftsman, Johnson Fan & Blower Corp 

Chicago, Ill 
Banta, G. L., Br. Mer., The 


Trane Co., Portland, Ore 


Student, Purdue University, West Lafayette, Ind 


Braker, A. H., Sec lreas., National Korectaire Co., Chica 
Il. 
xton, A. R., Sales & Engrg., John J. Nesbitt, Inc., Pitts 
wah, Pa 
sun, C. R., Ir., Student, Carnegie Inst. of Tech., Pittsburg! 
Pa 
xe, J. H., Engr., Carrier Engrg. Corp., Philadelphia, Pa 
(Remstates ) 
ay te | Mueller Furnace Sales, Port! 
Ore 


rtland, Ore 


CrarK. A. ( Ener. Century Co.. Pe 
Como, J. A., Engr., Buckhead Plbg. & Htg. Co., Atlanta, Ga 


Dyer, W an Hte { ontractor, H \\ Dvetr & Son, Batth 


Creek, Mich 


Fox, W. K., Supt., Northwest Stove Works, Inc., 


Genres, WitwtaM, Br. Mer., Johnson Service Co., Portland, O 


Pres.. Vortex Mfg. Ce Portland, Ors 


Gowpy, A. C., Estimator & Detailer, Handley Plumbing Co., C 


Wilmington, Del 


Sales Engr., Speakman Co., 


Hampce, H Pittsburgh, Pa 


I... Student, Carnegie Inst. of Tech.. 


lawk, |. K.. Engr., General Air Cond. Co. Buffal N. ¥ 
3 


it, Epwarp, Ir. Hte. Ener.. Fox Furnace Div., American 
Radiator Co., San Francisco, Calif. 


Hurwica, S. B., American Lubricants, In Buffalo 
N. Y 
Hurcuinson, F. A. Mer., 


Shanghai, China 
Hype, E. V., Sales, Wood Conversion Co., St. Paul, Minn 


Ener., 


Repair Dept., C. J. Doughty & Co., 


Jounson, F. W., Pres.., Detroit, Mich 


Johnson Larsen Co., 


KurerorH, M. H.. Madison, 
Wis 

KOLR, R P.. Prof Heat-Power Energ., 
Inst., Worcester, Mass. 

Masiey, T. H., Chief Ener.. 
troit, Mich 

MacGrecor, C. M.. 
land, Ore 

Matrinciy, M. | 
Ill, 

McDermorr, J. P.. 


lreas.., Research Products Corp., 


Worcester Polytechnic 
Mechanical Heat & Cold, Ine., De 


Sales Ener., Portland Gas & Coke Co., Port 


Sales Engr., Johnson Service Co., Chicag: 


Br. Ener., The Trane Co., Portland, Ore 


Mean, H. K., Mfrs. Agent, Portland, Ore 


Micharts, M. A., Owner, Mer., Century Co., Portland, Ore 


Moore, B. W., Mgr., Htg. Dept. F. B. Connelly Co., 


re 


Portland, 
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loseph Davis Bn. Cc. Cande 
W. E. Voisinet Roswell TT 
C. J. Doughty Tr. Fk. Wau 
1. K. Kwan C. B. Morri 
R. E. Backstron \ B. Alegre 
I’. B. Rowley D. B. Ande 
I, J. Feely E. E. Dul 
R. K. Milward G. D. Winar 
George Hall D. W. Ne 
(; | Lars | \ \\ 

\. J. Knight ISCcd G. H. Mact 
Fk. W. Roys ISAM Cc. M. Alle 
-; Mabley G. H. Tuttl 
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CANDIDATES 


Mt HLEMAN, R. F., Asst. Mgr., York Ice Machinery Corp., 
York, Pa. 
ks a W. W., Machinist’s Mate, U. S. Navy, New York, 


Muwro, D. R., Jr., Mfrs. Repr., D. R. Munro & Son, Portland, 
Ore. 
NEUBAUER, E. 
Ore. 
Nie_sen, H. B., Mfrs. Repr., Portland, Ore. 


W., Engr., Campbell Norquist & Co., Portland, 


ORGAN, Freperick, Dist. Engr., Reynolds Corp., Omaha, Nebr. 


Peviecrini, L. C., Vice-Pres. & Design Engr., Marlo Coil Co., 
St. Louis, Mo. 

Ponper, E. A., Mgr., Oil Burner & Warm Air Dept., A. G. 
Rushlight Co., Portland, Ore. 

PouGHer, E. W., Director, Messrs. Ernest W. Pougher & Son, 
Manchester, England 

Prewitt, H. B., Sales Engr., American Blower Corp., Phila- 
delphia, Pa. 

SopeL, FRANK, Student, New York Tech. Inst., New York, 
N.Y. 

TURNER, E. 
Ore. 

Urpan, F. F., Design & Estimating, Urban Pibg. & Htg. Co., 
Portland, Ore. 

Wacprep, J. E., Air Cond. Engr., Poe Piping & Heating Co., 
Greenville, S. C. 

Wetter, A. K., Factory Agency, Albert K. Weller, Portland, 
Ore, 

Wiesner, B. K., Student, Purdue University, West Lafayette, 
Ind. 


S., Sales Engr., Wm. S. Turner & Co., Portland, 


Wiiutiams, E. C., Mfrs. Repr., Cincinnati, Ohio. 


REFERENCES 


Proposers Seconders 
V. T. Kartorie W. E. Zieber 
W. E. Barnum, Jr. j. R. Hertzler 


R. S. Smith (Non-Member) K. R. Kee (Non-Membe 
W. P. Mowatt (Non-Member) J. B. Decker (Non-Mem 
T. E. Taylor J. D. Kroeker 

C. E. Heinkel B. W. Farnes 

B. W. Farnes C. E. Enders 

I. D. Kroeker T. E. Taylor 

J. D. Kroeker J. A. Freeman 

T. E. Taylor B. W. Farnes 


W. E. Gillham Carl Clegg 

E. W. Rietz L. A. Stephenson 
D. J. Fagin Paul Sodemann 

C. L. Boester L. sf Du Bois 

C. E. Heinkel T. E. Taylor 

J. D. Kroeker B. W. Farnes 
Walter Yates H. H. Jennins 

W. W. Nobbs R. J. Cornish (/CL:) 
H. R. Denny L. C. Davidson 

K. C. S. Jacobsen J. H. Hucker 


Norman Weissblatt 


E. R. Snavely 
W. C. Donnelly 


G. A. Belsky 


T. E. Taylor B. W. Farnes 

J. D. Kroeke C. E. Heinkel 

T. E. Taylor 3. W. Farnes 

J. D. Kroeke C. E. Heinkel 

D. H. Shenk R. K. Rouse (Non-Mem 

W. E. Kerr Stipp (Non-Mem 

B. W. Farnes J. A. Freeman 
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CANDIDATES ELECTED 








In the past issues of the JouRNAL of the Society the names of the following men were listed as Candidates for Membership 


The 


membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by 


the Council. 
lowing list of candidates elected: 


MEMBERS 


Apams, F. L., Htg. & Air Cond. Engr., Public Service Co. of 
Colo., Denver, Colo. 

Becker, C. S., Br. Mer., American Blower Corp., Milwaukee, 
Wis. 

CLausen, A. H., Air Cond. Engr., Edward B. Ward & Co., 
San Francisco, Calif. 

GANNON, R. R., Sales Engr., Russell R. Gannon Co., Cincin- 
nati, Ohio 

Horcnu, G. E., Mech. Engr., Wm. B. Ittner, Inc., St. Louis, 
Mo. 

Keita, W. B., Mer., Air Cond. Dept., Fairbanks, Morse & Co., 
St. Louis, Mo. 

Lock, R. H., Gén. Mgr. and Vice-Pres., J. H. Lock & Sons, 
Ltd., Toronto, Ont., Can. 

MacLean, H. A., Prop. and Mgr., The MacLean Plbg. Service, 
Noranda, Que., Can. 

MuckKLe, JAMES, Dept. Megr., Andersen, Meyer & Co., Ltd. 
Shanghai, China. 

Patron, R. L., Htg., Vtg. and Air Conditioning Contractor, 
Oklahoma City, Okla. (Reinstatement) 

Puisprr, J. J., Sales Engr., Johnson Service Co., Chicago, III. 

Sactnor, S. V., Mech. Engr., Carbide & Chemical Corp., South 
Charleston, W. Va. 

SeyFanc, W. G., Managing Engr., Div. of Plant, Board of 
Education, Buffalo, N. Y. 

Werker, Herwart, Engr., American Radiator Co., Yonkers, 
. 

ASSOCIATES 

De Roo, W. Cn Design Engr., Hart & Cooley M fg. Co., Hol- 

land, Mich. 





We are now instructed by the Council to post herewith, as required by Art. 


3-III, Sec. 8, of the By-Laws, the 


Funck, E. H., Sales Mer., Johnson Fan & Blower Corp., ( 
cago, Ill. (Reinstatement) 

Jounson, C. E., Sales Engr., Fox Furnace Div., Ameri 
Radiator Co., Atlanta, Ga. (Reinstatement) 

Maves, G. D., Sales Engr., Minneapolis-Honeywell Regula 
Co., Houston, Tex. 

Moeset, F. A., Mer., Heating Dept., W. A. Case & Son Mfg 
Co., Buffalo, N. Y 

Vectery, ALEXANDER, Engr., Socony-Vacuum Oil Co., I 
Istanbul, Turkey 


JUNIORS 
Bartu, J. W., Student, Thermo Air Cond. Inst., Los Angele: 
Calif. 
GReGERSON, GerorGE, Lab. Engr., Industrial Training Corp 
Chicago, III. 
Hatt, R. A., Engr., Illinois Engineering Co., Chicago, 
vON Rosensere, P. C., Enegr., Illinois Engineering Co., Chicag 
Ill. 
Wirtic, F. E., Mechanic’s Helper, Jowein, Inc., Jamaica, N 


STUDENTS 
Lone, E. J., Student, Carnegie Inst. of Tech., Pittsburgh, Pa 
Mason, J. E., Student, Carnegie Inst. of Tech., Pittsburgh, Pa 
PIATNITZA, JOHN, Jr., Student, Refrigeration & Air Cond. Inst 
Chicago, Ill. 
RANZINGER, Gustav, Student, New York Tech. Inst., 
York, N. Y. 
ROSENBERG, IRWIN, Student, Carnegie Inst. of Tech., Pitts 
burgh, Pa. 


New 


Hearinc, Prreinc ano Am Conortioninc, June, 193? 
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